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former editions, has been omitied as beicg no longer necessary, 
whilst the notes and additions to the systematic course have been 
transferred to a separate chapter. At the same time, the principles 
of the analytical systems used in the course are made clearer by the 
addition of tables and general surveys of each stage. 

It should be noted that in the English translation degrees of 
temperature are on the centigrade scale as in the German, and that 
the abbreviations of the titles of the scientific journals mentioned 
in the footnotes are those used by the English Chemical Society. 
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INTEODUCTION 


Chemistry is the science which embodies our knowledge of the 
substan^s which compose the objects occurring in nature, their 
composition and decomposition, and above all their behaviour 
towards each other. A special branch of the subject is termed 
Atmhjtical Chemistry, owing to its having as its specific aim the 
decomposition (analysis) of compound substances, and the identi- 
fication of their constituents. If this determination of the con- 
stituents is only concerned with their nature the analysis is qualitative, 
but if the quantity of the individual components is required it is 
quantitative. The former has therefore for its aim the preparation 
of the constituents of an unknown substance into forms or conditions 
already known, so that these new forms or conditions may furnish 
definite proof of the presence of the individual component substances. 
The value of these methods .depends upon two conditions : they 
must be firstly absolutely reliable, and secondly must attain the end 
in view as rapidly as possible. On the other hand, the aim of 
quantitative analysis is to effect the complete separation of the 
substances detected by the qualitative examination in forms which 
allow them to be gravimctrically determined as accurately as 
possible, or to effect their estimation by some other method. 

The methods by which these different ends are attained are, as 
might be expected, very different. The study of qualitative and 
quantitative analysis must therefore be kept distinct, and the nature 
of the subject requires us to begin with the former. 

To carry out qualitative investigations the primary essentials 
are a knowledge of the chemical elements and their most important 
compt)unds, and also of the fundamental laws of chemistry, whilst 
practice ki the visualisation of chemical processes is necessary. 
Attention to^etail, scrupulous cleanliness, and some skill in manipu- 
lation are also required, ^gether with a corresponding training of 
the faculty of obifervation, so that no phenomenon which occurs 
may pass unnoticed. If to these requirements is also added the 
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habitual practice, when results contrary to experience are obtained, 
of looking for an error in the experiment itself, or rather in the 
absence of a condition necessary for the production of the^heu(f- 
menon, since this habit must be based on a firm belief ii the 
immutability of the laws of nature, then all the conditions necessary 
for a fruife'ul study oi analy^cal chemistry are present. 

Now, although on the one hand chemical analygi^ is based on 
chemistry in general, and cannot be carried out witl^ut a knowledge 
thereof, yet, on the other hand, it must be regarded as a main 
support upon which the whole structure of the science rests ; for 
it is of almost equal importance in all branches of cj^emistry, 
theoretical as well as applied, and its use to the practical chemist, 
the mineralogist and metallurgist, the pharmacist, the medical 
man, the rational agriculturist and others needs no amplification. 
But the essential condition upon which its being of use depends is 
that the results of the analyses made shall be absolutely trustworthy. 
And since this can only be obtained by thorough knowledge and 
painstaking practice, the general truth that a thing half known is 
more dangerous than ignorance must be regarded as especially 
applicable here, and a warning must be given against a superficial 
dabbling in chemical analysis. 

For the solution of analytical problems not only theory but also 
practical work is necessary, and hence a knowledge of analytical 
chemistry cannot be acquired either by a purely theoretical study 
of the subject or by carrying out the methods in an absolutely 
detached manner ; on the contrary, theory and practice must supple- 
ment each other in chemical analysis. 

A qualitative investigation may be made with a twofold end in 
view ; viz. either to prove whether a particular substance is or is 
not present in a material, as, for example, copper in an ore ; or for 
the detection of all the constituents of a chemical compound or 
a mixture. Every substance may thus be an object for chemical 
analysis. 

AJl the elements (see p. 2) are not of equal importance for 
practical chemistry. Only a number of them occurs widely distri- 
buted and in notable quantity in nature, and is of considerable 
technical importance. These are dealt with at length in ibis work. 

The remainder are, in the main, only constituents oftrare minerals, 
and only some of these are to a certain extent of technical importance, 
but may nevertheless be identified by the ordinary methods of 
qualitative analysis. These are discussed more briefly and in such 
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a way. that the study of their properties and their detection may 
be kept distinct from that of the more important elements. Other 
eftment^ (such as the inert gases) are, it is true, widely distributed, 
but oflly in small quantities, whilst others (such as certain radio- 
actiye elements) have only a limited period of existence ; and 
others again are almost identical with certain dements of common 
occurrence, and can only be distinguished from them by slight 
diffefenc^ of atoinic weight (see p. 2), as, for example, the different 
kinds of lead. 

The three last classes of elements cannot be detected by the 
ordinary methods of qualitative analysis (with the limited exception 
of spectrum analysis). Hence they do not come within the scope of 
this book. 

Chemical analysis demands, then, a knowledge of the funda- 
mental laws of general chemistry, of analytical operations, and of the 
behaviour of individual substances towards reagents. Given these 
essentials, it is possible, with the aid of a systematic procedure, to 
undertake the investigation of unknown substances. 

We deal, therefore, in the finst part of this book with the above- 
mentioned preliminary essentials for a real qualitative analysis, and 
in the second part describe the systematic processes. 



ERRATA 

p. 9, line 6, read “ are termed sulpho salts.” 

The headings to the undermentioned sections should read as follows : — 
p. 687. Substances insoluble or dissolving with difficulty in water, 
but soluble in hydrochloric or nitric acids or aqua regia 
p. 599. Substances soluble in water, and substances insoluble in 
water but soluble in hydrochloric and nitric acids or 
aqua regia. 

p. 670. II. In the presence of organic anions. 
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QUALITATIVE "ANALYSIS 

PART I. 

CHAPTER I. 

GENERAL CHEMICAL PRINCIPLES AND METHODS OF ANALYTICAL 
(*HEMrSTRY. 

Sec. 1, 

I. GENERAL EUNDAMENTAJ. CONCEPTIONS OF 
CHEMISTRY AND THEIR MODE OF PRESENTATION. 

The fruitful study and eventual self-reliant application of the methods 
of analytical chemistry demand a thorouf^h knowledge of the funda- 
mental chemical and physico-chemical laws of our science, which can 
be obtained from the numerous excellent text-books available. The 
primary aim of this short outline of the fundamental conceptions 
of chemistr/ and of the usual method of presenting them, which is 
given in the following paragraphs, is that the student, at every stage 
of his practical work in the laboratory, may have ready to his hand 
an cxj)lanation of the conceptions upon which he must base all his 
future work. We have deliberately refrained from assuming the 
student to have any prior knowledge, in order that this introduction 
may contain all that is necessary for undcTstanding the following 
sections. 

Some of the theoretical points can be more appropriately con- 
sidered when describing s})ecial 2 )rocc.s.ses, and will, therefore, be dealt 
with in those places in following sections of this part. 

Chemistry is the science of matter. Chemiml proce^sr.'i are such as 
chang5 not only individual properties (such as the rate of motion, 
temperature, etc.), but also whole groups of properties, and in such a 
way that therfe is not mereR one individual substance present at the 
begiifning and end, as is the case in the melting of ice, but so that 
in place of one or •several individuals several new individual sub- 
stances are produced, or otw new individual substance from several 

• 1 



•a GENERAL CHEMICAL RRINCIPLES ch. i 

• 

substances.! For instance, in the calcining of limestone (calcium 
carbonate) carbonic acid (carbon dioxide) and lime (calcium oxide) are 
formed ; the solution of zinc in sulphuric acid produces hydr^en grfs 
and white vitriol (sulphate of zinc) ; in the roasting of hseifiatite 
(iron oxide) with carbon metallic iron and carbonic acid (carbon 
dioxide) fire produced ; in* the combustion of hydrogen with the 
oxygen of the air water is produced. By individwaf then in the 
chemioal sense is to be understood not merely an*extern»l h^o- 
geneity, as, for example, the solution of sugar in water or the mixture 
of alcohol and water in which the quantities of the component 
constituents may vary within wide limits and their relf^tive pro- 
portions may be varied at will within those limits — the definite 
properties of mixtures can also be changed by the pro])ortion of the 
component parts of such mixtures— substances in the 
chemical sense are rather those, which either cannot be decomposed 
into different substances, or those of which the component parts show 
definite reciprocal quantilalire relationship. For instance, tlic relative 
weight of the above-mentioned substances, calcium oxide and 
carbon dioxide to calcium carbonate from which they arise, is 
56'07 : 44 : 1()0’07. Substances which cannot be decotnposed into 
other substances at will are called fundamental substances or elements.'^ 
Chemically individual substances consisting of several elements are 
called chemical compounds. 

Individual chemical substances are composed of the smallest 
particles, incapable of further mechanical subdivision, which are all 
equal in a chemically individual substance, and that is to say are all 
of the same size ; these are called molecules. As, however, the 
molecules of a definite kind of substance are all equal, whilst a com- 
pound can be decomposed into various elements, the compounds of 
molecules must consist of still smaller particles of the elements ; 
these minute parts of elements are called atoms. 

The atoms of each individual element are of absolutely similar 
nature, and therefore are all of the same size. The weight of an alom 
is, therefore, of a constant mafjnitudc, characteristic of the element in 
question. An exact determination of the absolute weight of a single 

^ A chemical process can also exist when a new substance tal«s the place 
of an individual one, when it is not a question of alteration in^ho condition of 
aggregation {e.g, solid to liquid), but when the ipner grouping and corabi^^ation 
of the individual particles is different. 

2 For the sake of simplicity we adhere to this descrijftion, the unconditional 
validity of which cannot be maintained since the discovery of radio-active 
elements. 
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atom being impossible, only an approximate indirect estimation can 
be made. On the other hand, it is possible to determine accurately 
ttie reci^ocal relationship of the weights of the atoms of the different 
elemelhts. 

By fixing the weight of an atom of one element arbitrarily the 
reciprocal rejationship of the masses ^f the* atoms of different 
elements can l5b expressed in numbers {atomic weights) which are 
chai^cteTistic of«each element. The atomic weight of oxygen=16 
has been selected as the basis for the ordinary system. 

The molecules of elements consist either of one or more atoms of the 
same kinc^ ; i thus metals, as a rule, contain one atom in the molecule, 
hydrogen two, etc. The mokcule of a chemical compound is formed by 
the combination of several atoms of dijjerent elements. Each indi- 
vidual ('ompound, however, contains a definite number characteristic 
of itself of the different atoms in the molecule ; for instance, hydrogen 
chloride contains one atom of hydrogen and one of chlorine ; water 
two atoms of hydrogen and one atom of oxygen ; calcium carbonate 
one atom of calcium, one atom of carbon and throe atoms of oxygen. 
This explains the fact that the quantity of the individual elements 
in individual com})Ounds is in constant relationship, and that the 
reciprocal action of different compounds always occurs in definite 
quantitative proj)ortions. 

In combining with one another, atoms of individual elements 
sliow a different degree of combining power {atomicity or valency). 
Some elements, such as hydrogen, fluorine, sodium, are monovalent ; 
they can only enter into combination in one way, they can only 
combine with one atom of another monovalent element : others, 
8\ich as oxygen, sulphur, calcium, etc., are divalent ; they can combine 
with two atoms of a monovalent element, or with one atom of another 
divalent element. This is called the equivalence of valencies. Other 
elements, such as aluminium, bismuth, etc., are irivalcnt ; carbon, 
silica, etc., are tetravalent. A number of elements arc of variable 
valency ; for example, iron can be divalent or trivalent, copper mono- 
valent or divalent. 

Chemical formula’, are employed to represent the above-mentioned 
empirical facts, and the theory they are based upon, in a short 

and concise* manner. 

0 

* • 

* The number of atoms in the molecule is a constant one for each individual 
element (according to its condition at the time). Thus ordinary oxygen contains 
two atoms in its molecule, ozone throe, whilst the molecule of iodine vapour 
contains two atoms at temperatures below (iOO®, and only one aton) dbovo (iOO®. 
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The various elements are represented by distinctive capital letters, 
if necessary, with the addition of a small letter. (The first letters 
of the Latin names are used as symbols.) 0 = 0 xygen (Oxj^enum), 
H=Hy(irogen (Hydrogenum), C=Carbon (Carbo), Cu=Copper 
(Cuprum), Cl=Chlorine, etc. 

These'" letters represent uot only the nature of an^ element, but 
also the size of one atom of the element. By combiiflng the symbols 
of all elements present in a compound the fornfLul® of^he&ical 
compounds are obtained, e.g. HCl— Hydrochloric acid (spirits of 
salt), NaCl— Sodium chloride (common salt). The formula also 
expresses a quantity, namely, a molecule. If a molecult^ contains 
more than one atom of each element, the number of atoms is 
added to the symbols by means of small figures ])laccd on a slightly 
lower level, for instance, H20= Water, Na20=Sodium oxide, 
H2S04=Sulphuric acid. If the molecule of an element consists of 
several atoms it is represented accordingly, e.(/. H2=one molecule 
of hydrogen. 

Chemical formulae are also suitable for the graphic representation 
of the course of chemical processes. If several molecules of a sub- 
stance take part in a reaction, their quantity is represented by a figure 
placed before the formula) of the molecules. 

The above-mentioned decompositions (see p. 2 ) are represented 
in formulae as follows : — 

Calcium carbonate is decomposed on ignition into calcium oxide 
and carbon dioxide : 

CaC03=Ca0+C02 

Hydrogen burns with oxygen to form water : 

2H2+O2-2II2O 

Zinc dissolves in sulphuric acid with the formation of zinc sulphate 
and the liberation of hydrogen : 

Zn-j“Il2S04=ZnS04-{-Il2 

Iron oxide and carbon yield metallic iron and carbon dioxide : 
2Fe203-}-3C=4Fe-f-3C02 

All these formulae have this in common, that those on the left of 
the “ equals ” sign represent the substances present at tlfe beginning 
of, and those on the right the substanej^ that are thS result ^f, the 
process. Hence it follows that all the atoms of each element that 
are on the left appear again on the right, but neither more nor less. 
Whilst t^e first of the above-mentioned formulae shows only the 
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decomposition of a molecule into two others, and the second shows the 
association of two elements to form a compound (^.c. by combination 
into a If olecule), one can see from the third and fourth that the action 
of aif element upon the molecule of a compound may cause the 
element to replace another element in the molecule, and consequently 
this second element to appear in the free «onditi( 5 n. 

In Formula^ the divalent atom of zinc takes the place of the two 
modbvaTbnt atoms of hydrogen in the molecule of sulphuric acid, and 
so forms zinc sulphate. 

The fourth formula has been chosen purposely as being somewhat 
more cor'plicated. In this case the tetravalent carbon acts on the 
oxide of the trivalent iron and replaces it in combination with oxygen. 
In order to represent this process it is necessary for three atoms of 
carbon (combining with six atoms of oxygen) to act on two molecules 
of iron oxide (combining with six atoms of oxygen). 

Another example is the process which consists of the fusion of 
heavy spar (barium sulphate) with vSoda (sodium carbonate), whereby 
barium carbonate and sodium sulphate are obtained : 

BaKS 04 -|-Nao(X) 3 =BaC 03 -i Na 2 S 04 

In this instance tlie metals barium and sodium, in other words 
the groups SO4 and CO3, excliange places in the molecules. 

The individual atoms combine with each other within the molecule 
in a definite manner, corresponding to their valencies. The form of 
this combiruition may vary with the conditions. 

This construction of th(i molecuh^s can also bo expressed in a 
formula. The so-called structural formula) arc thus obtained. For 
instance, one atom of oxygen combines wdth two atoms of hydrogen 
H— 0— H ; one atom of carbon binds four atoms of hydrogen 

• One atom each of sodium, oxygen, and hydrogen is re- 

IV \h 

quired to form sodium hydroxide, Na— ()- Jl. One atom of nitrogen, 
three atoms of oxygen, and one atom of hydrogen form nitric acid 

H. Two atoms of carbon, six atoms of hydrogen, and 

one atom o^f oxygen form alcohol C2ll6^, or as a formula — 

Hs H 

0-H 

W 

Substances which contain the same elements in equal pjoportions 



CH. I 


•e . GENERAL CliEMICAL PRINCIPLES 


but in a different grouping are termed isomeric. Their differences 
can only be represented graphically by structural formulae, e.g. 
ammonium isocyanate and urea are composed of one atom of^arbon, 
one atom of oxygen, two atoms of nitrogen, and four atoms of 
hydrogen. They both have the same- simple formula CON2H4, but 
the difference can bo.exprc^ed by the structural formulae — 

, . 

T_r 

o=c=n-n(c“ 

H 


r 

(or somewhat more simply OCN— NH4), for ammonium isocyanate, 
and— 




(or more simply 0(.^(NH2)j») for urea. Ammonium isocyaiiate is 
transformed into urea when its aqueous solution is cvaj)orated. 
From this example it can be seen that a chcmicul process may be 
involved in the transformation of one individual substance into one 
other individual substance when it is associated with a new grouping 
of the atoms of the molecule. 

We can, therefore, replace the definition of chemical processes 
given on j). 1 by the following : Cfiemical ])roce.sses are characterised 
by the fact that one or more individual su})stances replace one or 
more individual substances with molecules of different construction. 

The structural forniula3, the u.se of which is of great importance 
in representing the inner construction of the molecules, and especially 
indispensable in organic cliemistry, need not always be carried out 
to show all the sej^aratc details, but can often be used in a somewhat 
abbreviated form, as is the case in the cxamj)lc given of ammonium 
isocyanate and urea. 

For^the purpose of analytical chemistry it is mainly necessary to 
represent the reciprocal action of different molecules upon one 
another; as a rule it is not necessary to show the inner con- 
struction of the molecule in detail. We shall, therefoit!, only use 
structural formulse when unavoidable, ai^ as a rule in Ibheir abridged 
form. 

c 

Because in chemical processes different substances act upon one 
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another in different ways, these reciprocal actions are termed 
reactions. In so far as a reaction is characteristic of a definite sub- 
stance^t can be employed for the identification of such substance. 
A substance which is used with another to produce a reaction (of 
identification) is termed a reagent. 

A series of themical substances of different kinds was mentioned 
in Ihe Examples dealt with above, and these are divided into 
classes according to their properties. A large number of elements 
belong to the metal class ; as o])])osed to them there are the non- 
metals (I'^etalloids), such as hydrogen, oxygen, nitrogen, sulphur, 
chlorine, etc. 

Metals can combine on the one hand directly with a number of 
non-metals {halogem), chlorine, bromine, iodine, fluorine, and on 
the other hand with groups formed from non-metals- and oxygen 
(acid radicles) to form salts : common salt (sodium chloride) NaCl, 
8altj)ctrc (potassium nitrate) KNO3, calcined gypsum (calcium 
sulphate) t'aSO,], anhydrous sodium carbonate Na2C03. 

These acid radicles, like the elements, also possess a definite 
valency, which therefore determines with how many atoms of a 
monovalenf., or with what corresponding quantity of a polyvalent 
metal they can comliine. If, for example, two monovalent acid 
radicles enter into combination with a divalent metal the acid radicle 
is enclosed in a bracket, after which the figure 2 is placed just below 
the line, c g. barium nitrate Ba(N03).2. 

If the halogens, that is to say the aetd radicles, combine with 
hydrogen instead of a metal, acMs are produced, e.g. hydrochloric acid 
IICI, sulphuric acid 112^04, nitric acid HNO3. If the halogens com- 
bine with the (monovalent) radicle of water, liydroxyl OH, hydroxides, 
also termed bases, are formed, e.g. KOH, Ba(0H)2, etc. The com- 
pounds of tbe elements, especially those of metals, with oxygen are 
termed oxides. Balts in which only the metal is in combination with 
acid radicle are termed imdral, e.g. K2SO4 ; ^ salts in which in 
addition to the metal there is also hydrogen in combination with the 
acid radicle are termed acid salts, e.g. KHSO4.2 Salts in which 
oxygen or hydroxyl in addition to the acid radicle are combined with 
• 

^ Neutral Kilts contain the same number of valencies of metal and acid 
radiol© in combination with eaih other. 

* In naming particular acid salts it is customary to use terms such as 
potassium hydrogen sulphate for KHSO4, or disodium hydrogen phosphate for 
NagHP04, in order also to give expression in the name to the fact that the 
hydrogen and the metal stand in the same relationship towards th^acid radicle. 
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the metal are termed ha.'^ic, e.g. BiOCl, basic bismuth chloride or 
bismuth oxychloride ; Fc(0H)(S04), basic ferric sulphate.^ 

If metals combine to form compounds with different valencies, as 
e.g. iron, which forms both monovalent and divalent compounds such 
as an oxide, hydroxide, and salts, the compounds with the metal in 
the lower state of vlilency tre distinguished by aflixin^ the syllable 
“ ous *’ to the root of the Latin name ; whilst thos£ compounds in 
which the metal is present in the higher state of valertoy are criaratder- 
ised by affixing the syllal)le “ ic,” as, for example, ferrous oxide FeO, 
ferrous hydroxide Fe(OH)2, ferrous sulphate FeS04, ferric oxide 
Fe203, ferric chloride FeClg, ferric hydroxide Fe(011)3, manganous 
chloride MnCU, manganic oxide Mn203. 

Salts consisting of a metal and non-metal are designated by 
adding the syllable “ ide ” to the Latin root of the non-metal, c.g. 
sodium chloride NaCl. Salts with an acid radicle containing oxygen 
are described by names which are formed by attaching the syllabic 
“ ate ” to the root of the Latin name of the non-metal in the acid 
radicle, as, for example, “ sulphate. ” for salts with the acid radicle 
SO4, “ nitrate ” for salts with the acid radicle NO3. If a non-metal 
forms acid radicles with ilijjrrent (juantitu's of oxgeii, those richer 
in oxygen are designated by adding the syllable “ ate,” and those 
poorer in oxygen by the addition of the syllable “ ite,” e.g, })otassium 
nitrate KNO3, potassium nitrite KNO2. If compounds are also 
formed with acid radicles containing yet other proportions of oxygen, 
those most important and of most frecpicnt occurrence are distin- 
guished in the way described, whilst those containing a higher pro- 
portion of oxygen receive the prefix “ super ” or now almost in- 
variably “ per,” and those with a smaller proportion of oxygen the 
prefix “ hypo,” e.g. potassium chlorate KCIO3, potassium chlorite 
KCIO2, potassium perchlorate KC1()4, potassium hypochlorite 
KCIO. 

In the case of the acids it is customary not to say hydrogen 
chlorate, etc., but “chlor” acid, and then to distinguish between 
them, e.g. chloric acid IICIO3, chlorous acid HClOo, perchloric acid 
HCIO4, and hypochlorous acid IICIO. • 

By the combination of non-metals with oxygen, comj)ounds may 
be produced which correspond to acids, but which are distinguished 
from them by the fact that they contain the elements of one or4nore 
molecules of water less than the acids ; they ar^, therefore, termed 

^ For further details regarding salts, aeids, and baaea, see Sec. 3, in particular, 
p 26 e/ seq* , 
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acid anhydrides, e.g. sulphuric anhydride SO3, corresponding to 
sulphuric acid H2SO4.1 

C<3pnpounds of the elements with sulphur are termed sulpliides, 
Anjflogous to the oxygenated acid radic,l(‘s there are also siilpho acid 
radicles, in which sulphur takes tlie place of oxygen. Compounds of 
these sulpho acids with metals arc ter^ie.d sulj[)ho acids, .e. 7. sodium 
siilpho-arsomidfcc Na3AsS4. (Jonfpounds of metals with the mono- 
valenl^ hydrogen sul])liid(i radicle, corresj)onding to the hydroxyl 
radicle, arc termed hydrosulphides, as, for example, KSH. 

As mentioned above, in the formation of salts or acids there is a 
combi Ti^tion either of (-(‘rtain non-metallic elements (which are, 
therefore, also termed halogens or “ salt formers ”) or of acid radicles 
com])Osed of groups of ele.rnents containing oxygen with metals or 
with hydrogen, (Jojnbi nations of elements, as c.g. the group N()3 (the 
nitrate radicle), h(*re play the .same ])art as elements, e.g. chlorine. 
8 uch a relationship may also occur in (juite a dilferent manner. 
Thus other elementary groups may combine wit h hydrogen and metals 

^ Mention may here he made of th<i oldcT eone(!ption and the method of 
expressing it, which at the pre.sent time is still fretpieiitly met with in everyday 
life. 

'I’he anhydride.s of acids of to-day wen* formerly termed acids. Thus carbon 
dioxide (earhonie anhydrich') (.’()2 was called earhonie acid, silicic anliydridu 
iSiO.^, siheie acid, etc., and the formation of .salts was regarded as being a com- 
bination of tlicM! a ads (now termed anhydnde.s of aoid.s) with the o.xygenated 
compounds of nu'tals. Copper sulphate, lor example, was looked U])on, not, 
as IS now our practice, as being produeisl from copper and the sulphuric acid 
radicle CuSO^, hut from sulphuric “acid ' and cojiper oxide ; hence the formula 
was written (hi(),SO „ and the salt teimed the sulphate of copper oxide. The 
(hxseription of the metallic o\id<i as base, ?.r. basic suhstaiieo of the salt, is also 
in accordance with this designation of the salt, with the name of the metallic 
oxide as the prineijial w'ord, and that of the acid as the distiaguLslung epithet. 
With the change in our conceptions the use of the word “ base ” luws also been 
dropped. At the present tune only tlie hydioi xh s of metals (and of groups such 
as ammonium, which behave in an analogous manner) arc still, strictly speaking, 
termed ba.se8. 

In this older mode of exprcs.si«tu comiiounds in which the metals were 
present in diflcront states of valency, i.r. in combination with dilTercnt pro- 
portions of oxygen, chlorine, etc., were dustingiiished by jnefixing the syllable 
“ proto ” to the name of the metalloid. 'I’hns, as a rule, the comfiounds which 
we now designate ferrous, cuprous, etc., com pounds were termed protoxide, 
lirotochloride, protosulphide, etc., and those which we now term ferric, cupric, 
morcurie, etc., comjiounds were known as oxides, chlorides, cyanides, etc. In 
the ffaso of acids a distinction was drawn between those, the compounds of which 
to-day we designate by the tt^rmination “ ite,” and those to which we a^ipcnd 
the syllaBle ate ” ; the former were known as phospliorous acid, sulphurous 
acid, etc., a»d the latter as sulphuric acid, phosphoric acid, etc. For example, 
feiwous sulphate FeSO^, wasrtermed the sulphate of protoxide of iron FcO,SOi, 
calcium sulphite CaSOg, sulphite of lime (or sulphite of calcium oxide) CaO,!SOg. 
For the compound? of a metal and a metalloid the names wore formed by 
associating the names of the metal and non-metal, c.g. chloride of sodium NaCl, 
Bulpliide of lead PbS 
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to form acids and salts, as e.g. cyanogen CN as the (jyanide radicle, 
the trivalent group Fc(CN)(j as the ferricyanide radicle 

CN\ . CN 1 

CN)Fe^ CN 

CN'^ ^CN 


and the tetlavelant group Fe^CNj^ as the ferrocyanide radicle 

CNi 
CN\x, CN 

CN 


The group NH4, animonium, plays the same part as a metal^owards 
acid radicles, forming with tliem ammonium salts, which in all respects 
correspond to the salts of metals. 

So long as such an elementary group takes part in reactions 
without undergoing decomposition it exhibits definite ])ropertics 
which are characteristic of it, and an element contained in it therefore 
shows other phenomena than when it is not combined in such a 
group. Thus, for example, the salts of chlorine (chlorides), when they 
come in contact with silver nitrate in solution, form silver chloride, 
which separates as a solid substance, whilst chlorine, when it is com- 
bined with three oxygen atoms to form the chlorate radicle does not 
cause such a separation, liccause silver chlorate is not insoluble. 

An influence of this kind is seen to a still greater extent in the 
examples quoted above of ferri- and ferrocyauides, in which the imiul 
iron combines with six cyanogen groups to form an acid radicle, 
which can thus also combine as a non-metal (like chlorine) with other 
metals to form salts (including iron present as a metal), c.//. potassium 
ferrocyanide K4Fe.((N)(j or ferric ferrocyanide Fe4[Fe(CN)6j;j. 

If elements (as in this case iron) or elementary groups (as in this 
case cyanogen), which can also by tliemselves form a constituent of a 
salt, unite to form a new group (which again can occur as the com- 
ponent of a salt), such compounds arc termed complexes. Thus the 
ferro- or the ferricyanide radicles are complex groups, wiiilst the 
feno- and ferricyanides are complex salts. 


^ In the ferricyanido radicle trivalent iron is in combination with three 
cyanogen groups, and in the ferrocyanide radicle divalent iron is combined with 
two cyanogen groups, by means of the ordinary valencies. Moreox^r, in the 
first case there are three additional, and in tbc second case four additional com- 
bined cyanogen groups, which can only share oiH valency respectively, baing 
attached (according to Werner's theory) by the so-called subsidiary valencies, 
indicated in the formulaj by dotted lines, (f /. A. Werner, fileucre Atischnuurujen 
nuf dent Gebicie der anonjanischen Chemie, 3rd Ed. Die Wissenschajl, 8 Bd. 
Braunschweig^ 191 3.) 
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Further examples of such complex compounds are : ammonium 
phosphomolybdate {NIl4)3F0.12Mo()3 (where there are twelve 
molecules of molyhdic anhydride with one molecule of phosphate 
radicle united to form a complex acid radicle) ; potassium silico- 
fluoride K2SiF6 (in which, as in the case of cyanogen, two metalloids 
are united to form an acid radicl|) ; pojbassiuin cobaltinitrite 
K3 Co(N 02)8 yn which one atom of tri valent cobalt is united with 
sianikite radicles to form a trivalent acid radicle) ; silver ammonium 
chloride Ag(NH3)2Cl (in which case two ammonia molecules are 
united with one silver atom as a complex, which in this salt behaves 
like a metal). 

In addition to these complex compounds, in which the complex 
appears as a simple metal or as an acid radicle in an inner form of 
combination, and in which we thus have oidy one molecule, though a 
complex one, there are also compounds which frequently occur 
where the molecules are in an inrier form of combination. To 
this class belong the double salts. e.<j. potassium or ammonium 
sulpliate combined with cupric, manganous, co})altous, ferrous, etc,, 
sulphates, typified by (Nll4)2tS04,MnS04, the alums, such as 
K2S04,Al2(S04)3, and above all the compounds of salts (and other 
forms of com])itiation) with water, the hydrates, such as Cr(OH)3 
-I-2H2O, in wliich two molecules of water are united with the chromic 
hydroxide in an inner form ol combination. A particular class of 
these compounds with water includes those in which the water is 
present in the form of the so-called water of crystallisation, e.g, 
sodium carbonate, in which ten molecules of water are in combination 
in the form of crystallised “ soda.” It was at one time frequently 
customar}' to rcj»resent these compounds containing water of crystal- 
lisation in su(;h a way that one molecule of water of crystallisation 
was written as aij ’’ (from aqua), and a “ plus ” sign added, as, for 
example, Na2C03-f lOaq. 

The reactions between different substances may take place not 
only in one direction ; for example, calcium carbonate may not only 
be decomposed into lime and carbon dioxide, but these two sub- 
stances may also reunite. Buch cases of reversible reaction may be 
expressod in a formula, as, for example, ('aC03'^Ca0+C02. 

As a matter of fact th^decomposition by heat of calcium carbonate 
al^o takes place as an inner reaction, but only up to a certain limit, 
depending upon*the temperature, for up to that point the pro- 
portions of carbon dioxide and calcium oxide present are such, that 



12 . GENERAL CHEMICAL PJ^INCIPLES ch. i 

there is a simultaneous re-formation of as much calcium carbonate 
as is decomposed. 

Both processes occur side by side, and it is only the difference 
between that which predominates and that which is less complete in 
its action which we observe as an alteration of the whole system. 
The ratio between the quantity of substance decomposed and the 
time in which this decomposition takes ]>lace is term^d^he vclocily 
of reaction. When the velocity of reaction in both directioiis i%of 
the same magnitude, so that there can be no predominance in cither 
direction, the velocity of reai'-tion of the whole system is nil ; there 
is chemical equilibnum, and the reaction does not proceed further in 
either direction. The velocity with which a reaction follows one 
jiarticiilar course depends upon various conditions, such as, for 
example, the tenqieratiire, the juesence of other substances, and, 
above all, the relative quantities of the substances concerned in the 
reaction, i.c. on the concentration in the case of solutions and gases. 
Strictly speaking, all processes take place in l)oth directions, but in 
many cases the velocity in one direction is almost infinitely small. 
Then the reacrion takes place almost conqiletely in the reverse 
direction. The jiractical result is that the hitUu' alone is effective. 
This is notably the case when one of the products of the reaction is 
removed from the syskmi, so +hat the amount of substances acting 
in the opposite direction is jiractically nil. \\ lam, therefore, in the 
above-mentioned example of the heating of calcium carbonate the 
gaseous carbon dioxide escapes into the air, the primary condition 
for a process in which the reaction ex])res.sed by tlu; equation 
0aCO3^raOd CO2 to proceed in the direction from right to left (viz. 
that both of the compoiKmts to the right shall simultam'ously be 
present) no longer exists (or not to any extent), so that the reaction 
practically proceeds entirely from left to right. 

The equation (*aC03---CH0-j-C()2 gives expression to this notion 
of a reaction proceeding in one direction only. 

Another way in which a jiroduct of a reaction can be withdrawn 
from a decomposing system is by the .separation of an in'-oluble 
precipitate from the solution c.ontaining the reacting substances. 
Solutions of silver nitrate and .sodium chloride act iqion one antoer 
as a reaction proceeding from both directions, with the fgirmation 
of silver chloride and sodium nitrate : 'l^tAgUl-f-NaNOg. 

But since the silver chloride produced is very sparingly soluble' it 
separates almost completely, leaving only a praHically negligible 
trace of silver in solution, so that an appreciable reaction in the 
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direction of right to left cannot take place ; the reaction thus 
proceeds practically throughout in the direction : AgNOs+NaCl 
=A 2 G!l+NaN 03 .i 

Hence for the separation of the different substances which are 
present together, analytical chemistry employs processes in which 
one of the substances is separated in an^insoluble or volatile form ; in 
other words, ^ocesses which proceed practically only in one direction 
anS tcTfinality.® 

When this is not the case, but when both reactions can actually 
take place with ap})reciable speed, the conditions of equilibrium can 
be mor» readily followed, and in this respect it has been found that 
the laws of preponderance may be expressed in a simple mathematical 
form. Thus the vapour of ammonium chloride on heating is decom- 
posed into hydrogen chloride (hydrochloric acid) and ammonia. 
Tlic reaction also takes place in the reverse direction, and is thus 
expressed by the formula NH4Cl^NIf3-|-IICl. 

The process is completed up to a certain point as an inner reaction, 
which depends upon the temperature. In this reaction the product 
of the substances formed by the dccomj)Ositiori stands in a certain 
definite relation to the quantity of the undeconq)Osed ammonium 

chloride; LNH3I [HClJ=/i’.[NIl4Cll or also 

I dNJrl^vlJ 

which K is thus a constant (the equilibrium constant), depending 
upon the nature of the interacting substances and the temperature. 

If a certain quantity of ammonia gas is already present where 
the above-mentioned process is taking place, it checks the decom- 
position of the ammonium chloride, because this ammonia as well as 
that formed by the decomposition of the anunonium chloride results 
in tlie product ammonia -f hydrogen chloride. 

This law of preponderance is termed the law of 7nass action, and 
can be expressed in a general formula in the following manner 

The velocity of reaction, as (Tiildbcrg and Waage have found, is 
jiroportional to the mas.ses entering into reaction, that is to say, in 
the cases of solutions and gases it is projdortional to the concentration. 

kn the case of a reversible reaction in accordance with the simple 
scheme ^ A+D't-(' 

it follows that if the concentration of the substances A and B is 

^ See Sec. 6. ^ 

“ 'J’ho use of square brackets denotes that it is not a molecule which is 
indicated by the formula, but tlio quantity of the comjiounds in question 
associated with the reaction. 0 
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designated as (A) and (B), i.e. the number of grammes of A and B in 
1000 parts by volume, then the velocity for the course of the 
reaction from left to right is represented by 

Correspondingly tkc velocity of reaction lu for the course of the 
reaction from right to left is expressed by 

. 2 =^ 0 ] 

where [C] represents the concentration in relation to the substance (7, 
whilst ki and constant proportional factors, the reaction 

velocity constants of both reactions. 

When the velocity in one direc,tion has become equal to that in 
the other direction equilibrium ensues, i.e. the reaction stops. This 
is the case when ^’i[J \\B\ ■/.••JCJ. 

From this equation it follows that 

l/'J 

K is the quotient of the two constant velocities of reaction, that 
is to say, a constant itself, the so-called equihhrium coiistavt of the 
reactions in question. It is dependent upon the nature of the sub- 
stances, which either enter into reaction, or are formed during 
reaction, or upon the temperature, ])ressure, solvent, and other 
substances which may be present. 

The law of mass action considered in relation to the reaction 

n'A'-\-n"A"-\-'n"'A'"~\- • , .—m'B' A-^ri"B" A A • • • 

may be cxpre.ssed in a general form by the equation 
[A'\n'.[A"\n".[A'"]n'" ... 

where n and m represent how many molecules of the substances 
A and B enter into reaction or are produced by it.i 

1 Further descriptions of a general chemical nature, and of their repre.senta- 
tion in formulro, are given in the following sections on the analytical operations, 
jspecially in Sec. 3, because they can be more readily understood after the 
lescriptions given there. * 
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Sec. 2. 

11. ANALYTICAL OPERATIONS. 

General Outline. 

The identification of the siibstanees to ?e investigated by analytical 
ana^sig may*be effected either by direct observation of definite 
characteristic pfoperties, when they can be iinmediatoly recognised 
in the substance under examination, or it requires, as mentioned 
above, that conditions shall be brouglit about under which such 
characteflstic properties appear. The methods which arc used for 
this purpose are termed analytical operations. 

These may be concerned either with the sharpening or differentia- 
tion of the sense perceptions, or with their amplification by the 
numerical determination of certain ])roperties, as, for example, by 
the use of the juicroscope or spectrosco])e, or ])y the determina- 
tion of the melting ])oint, boiling ])oint, specific gravity, etc. On 
the other hand, they may be concerned with the conversion of 
the substances under examination into (diaracteristic forms or 
compounds, the properties of which, as, for example, the colour, 
crystalline form, etc., may be ii.sed for their identification. 

If several substances arc simultaneously ])resent, the identifica- 
tion of one of them may often be interfered with by the presence of 
the others, because its specific properties cannot then be so clearly 
perceived ; it is, therefore, one of the main tasks of analytical 
chemistry to separate several substances simultaneously present 
from one another so as to be able to identify them individually. 

If a heterogeneous mixture of different dis.similar substances is 
present, as, for example, one of common salt and sand, or a liquid 
in which a solid body is distributed or has subsided, or a mixture of 
two fluids such as oil and water, the different substances which 
already are distinct from one another, i.e. the phases, can be directly 
separated from one another by mechanical means.^ But if a 

* Phases are defined as forms of matter of the same kind, which are separated 
from each other by homogeneous surfaces. 1’lius a mixture of water and ether 
consists of two separate phases, as does also the mixture of metal powder and sand 
covered wiii water, whilst the mixture of these two solid substances with the 
air which is in-between them represents a mixture of three phases. A solution 
of a golid substance or gas in a#iquid forms one phase ; if a portion of the sobd 
substance separates from the solution (as on the cooling of the solution), or if 
some of the gas escapis {e.ff. as in the opening of a soda-water bottle), then in 
addition to the liquid phase (the solution) a solid or gaseous phase is produced 
in the form of crystals or gas bubbles which separate. 
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chemical combiiiatioD is present, or a “ homogeneous ” mixture (as, 
for example, a mixture of gases like air, a mixture of water and 
alcohol, a salt solution, or an alloy such as brass), it is necessity first 
to convert such a homogeneous substance into a heterogeneous 
mixture (into several phases) before it is possible to separate its 
individual ‘ con stitueats froai one another by mechanical means. 
This conversion into a heterogeneous mixture is frcc^uSntly accom- 
panied by a simultaneous chemical dccomj)Ositior^ in whi^h,* for 
example, a constituent of a homogeneous substance is converted 
into another chemical com])ound, which is then separated in the form 
of a new pliase. Thus silver can be separated fjom an^ aqueous 
solution of silver nitrate by converting it into insolul)l<^ silver 
chloride by, e.g. the addition of sodium chloride. 

Of the methods ajiplicable to the separation, as thus defined, of 
difierent substances, those mainly u.sed for analytical purposes, are 
the following : Solution, crystallisation, precipitation (with its 
subsequent subsidiary operations of filtration, decanting, and 
washing), dialysis, extraction by shaking, distillation, ignition, 
sublimation, melting, including disintegration by fusion, and 
explosive fusion. 

In addition to these methods of separation, during which distinc- 
tive phenomena may ajipear, whereby the substances in question 
may at once be recognised, a series of identification tests is described, 
together with the ajijiaratus and instruments for the ])uri)Ose of 
•making them, as also for the purpo.se of making separation tests. 
These include oxidation and reduction, determination of the reaction 
by means of indicators, gas production, burners and lamjis, the blow- 
pipe, application of bead tests, the s])ectroscopo, and the microsco])C. 
No description is given here of quantitative physical methods, such 
as the determination of the density, the refractive indices, the solu- 
bility, or of such quantitative chemical estimations (as, for example, 
the iodine absorpdion of fats), the results of which can be used for the 
identification of substances, because a description of such methods 
comes under the heading of quantitative analysis, and they are not 
used in strictly qualitative analysis. 

Sec. 3. 

1. Solution. ^ 

One of the most important means of separating different sub- 
stances from one another is solution, which can affect one substance 
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but not another, or, on the other hand, may cause the separation of a 
substance previously in solution (together with others) in a solid or 
gaseous^forni. 

Buf in addition to this, solution is important, because an intimate 
reciprocal contact is necessary to develop the action of different 
substances up^n one another, and the mftcing of two soluJions is a 
particularly eas)* means of attaining this. By far the largest pro- 
portion 8f reactictis takes place in solution {corpora 7ton agunt nisi 
%Jluida). The solution of substances is therefore frei|ueutly a pre- 
liminary condition for the production of further reactions. 

By solutions in the widest sense is understood all homogeneous 
mixtures of substances of a different kind. In the narrower sense, 
as primarily used here, solutions are understood to be Iluid mixtures 
of this kind, and the process of solution of a gas in a liquid is termed 
absorption, that of a. li(piid in another liquid mixture, and only the 
solution of solid substances in a liijuid is somewhat inaptly called 
solution. Two jiroeesses of solution may be distinguished. In the 
simplest case, c.g. in the solution of sodium chloride in water, the 
dissolved substance may be recovered unchanged by the evaporation 
of the 8olv('nt. This kind of solution is frequently termed physical 
solution. But a chemical reaction may also take place between the 
dissolved substance and the solvent, so that on removing the latter 
a different substance is obtained from that which was originally 
dissolved. For instance, when chalk is dissolved in hydrochloric 
acid a^liquid is obtained which, on evaporation, leaves calcium 
chloride. Such a process is frequently termed chemical solution. 

In all solutions of solid substances, or of gases in liquids, and in 
many cases in the solution of liquids in liquids, only a certain quantity 
of the substance undergoing solution can be dissolved by a definite 
quantity of solvent. A solution in which this relationship is reached 
is termed salurated. Solutions in which a smaller quantity of the 
substance than this is dissolved are known as unsaturated or dilute. 

The ratio of tlie quantity of dissolved substance to the volume of 
solution is termed its concentration (numerically expressed, the coii- 
centratign indicates the number of grammes of dissolved substance 
in a litre of solution). Solutions of higher concentration are also 
inaptly called “ concentrated,’’ those of lower concentration “ dilute.” 
The quantity of substance difsolvcd at the saturation point depends 
upon the temperature* ; hence one can only say that a solution is 
saturated at a definite temperature. In the solution of solid sub- 
stances the quantity which can be taken up by a deffnite amount of 

2 
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liquid as a rule increases with the rise in temperature, whilst in the 
solution of gases the reverse is the case. If a chemical reaction is 
involved in the solution, the maximum quantity of stil^stance 
dissolved depends not only on the saturation point, but also on the 
amount of the reagent which effects the solution. Thus the quantity 
of zinc wliich can bh dissofv^ed by a definite amount o^sulphuric acid 
depends on the one hand on how much zinc sulpfiate a saturated 
solution can contain, and on the other, U])Oii the quantity anff concen- 
tration of the sulphuric acid, because when all the sulphuric acid< 
originally present has been used in the formation of zinc sulphate 
no more zinc can be dissolved, cveji when the so]ution#is not yet 
saturated with zinc sulphate. * 

The more finely divided is a substance the more rapidly it is 
dissolved in a liquid, because it then can offer a greater surface for 
the solvent to attack. Shaking or stirring j)romotes solution, 
because the concentrated solution which forms in the neighbourhood 
of the solid substance is diluted wit h fresh solvent. Heating usually 
promotes the solution of solid substances by increasing the solvent 
action. 

Solutions of solid substances (which here are the ])rimary con- 
sideration) are usually obtained in chemical laboratories by digesting 
the substances with the liquid in beakers, boiling flasks, test-tubes, or 
dishes, i,e, by bringing them into contact for sojnc time at the ordinary 
temperature, or by heating them).i In the case, of chemical solutigns 
it is as a rule best to bring the substance to be dissolved into contact 
with water (or with what other indifferent liquid is used), and then 
gradually to add the chemically active substance. In this way a 
large excess of the latter is avoided, too violent action is prevented, 
and solution takes pla(;c readily and completely. 

The principal solv(mts used in qualitative analysis are the follow- 
ing : Firstly, ivatcr. It is always used in the form of distilled water ; 
whenever in this book water is mentioned without further qualifica- 
tion, distilled water is always meant. 

Secondly, acids, which include (1) hydrochloric acid usually in 
dilute form of sp. gr. Id 2, sometimes as concentrated* acid of 
sp. gr. 1‘17, and less frequently of sp. gr. TIO. (2) Nitric acid, dilute 
of sp. gr. r2, concentrated of sp. gr. 1*4, and fyming acid of 

^ For further details, sec tJio second part, Syskrr^tic Course of Qualilalive 
Analysis, rubric number 31. The solution of solid substances in continuous 
extraction apparatus is of more importance for quantitative estimations. It is 
described ^n the introduction to quantitative analysis. 
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sp. gr. 1-47— r5. (Red fuming nitric acid contains nitrous acid.) 
(3) Aqua regia^ a mixture of one part of dilute nitric acid and three 
to fou|; ^arts of dilute hydrochloric acid. (4) Sulphuric acid, dilute 
of sp. gr. ril, and concentrated of sp. gr. of 1-842. 

Finally, organic solvents, including (1) alcohol (86 per-cent, by 
weight and abfolute), and (2) ether. * 

The "physical •|3ro])crties of solutions of different substances in 
the same solvent at equal concentration, i.e. wiicn equal weights of 
the dissolved substance arc ])rescnt in equal quantities of liquid, 
differ fron one another, but if solutions are conipared which in the 
same solvents contain as many molecules of the dissolved substance 
in an equal volume, it will be found that they all have a number of 
properties in common. 

Thus the freezing and boiling points i (i.e. the temperature at 
which the solvent is converted into solid form, or separates as vapour 
even within the liquid itself), and, speaking generally, the vapour 
pressure of the solvent is the same for all such liquids. This also 
applies to the osmotic pressure (i.e. the force with whi(;h a dissolved 
substance attracts further solvent to itself. Cf. pp. 43-45). 

To this law, however, a whole series of apparent exceptions is 
to be found in the aqueous solutions of those substances, salts, acids, 
and bases (metallic hydroxides), with which analytical chemistry is 
especially concerned.- They show vapour pressures (and. therefore, 
boiling and freezing points) and osmotic pressures, which correspond 
to a greater number of dissolved molecules than arc actually present. 

Solutions in which this deviation from the general rule occurs 
conduct an electric current, the dissolved substance being thereby 
decomposed. This process of chemical decomposition under the 
influence of an electric current is termed electrolysis, and the substance 
thereby decomposed an electrolyte. 

The explanation for the behaviour of these solutions is to be 
found in the fact that on the solution of electrolytes there results a 
decomposition (dissociation) of a more or less considerable part of 
the dissolving molecules into metal (or a group with a corresponding 
behaviour, e.g. ammonium) or hydrogen, on the one hand, and into 

^ Provided fliat on heating qg cooling the liquid tliese temperatures can bo 
fbaohod without previous separation of the dissolved substance. 

Hence in cases where the dis.solvcd substance has also an appreciable vapour 
pressure of its own, e.g. solutions of gases and licjuids, this relationship is less 
simple. 

* This deviation may also occur in other, but not in aU solvent?. 
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an acid radicle, or hydroxyl (OH) on the other hand. These fractions 
of the molecules originally dissolved behave in solution like complete 
molecules. If the sum of the undecomposed molecules and fractions 
of molecules in the solution is taken into consideration, such a solution 
shows normal vapour pre.ssiire and o.smotic iiressure. 

The ratio of the' sum of- the di.ssolved molecules a^d fractions of 
molecules to the volume of the solution is termed Hhe osviolic con- 
centration, and the above-nu'ntioned law of pro})oiiion may therefore 
be expressed as follows : Solutions of equal osmotic concentration 
show the same vapour pressure and osmotic [iressure (and therefore 
the same freezing and boiling ])oint.s). 

The decompo.sition of molecules into melal and a(“id radicle in the 
process of solution is associated with the fact tliat the j)ositive and 
negative electric charges reci])rocally balancing ('ach other in the 
original molecule, occur as separate charges in tlie fractions of the 
molecule, and in such a manner that the metals or hydrogem show a 
positive, and the acid radicle or hydroxyl a negative' charge. 

When an electric current is conducted into a solution containitig 
such electrically charged fractions of molecules, the decomposition 
products of tlic molecules are attracted or repulsed by the 2)lates (the 
so-called electrodes) through which the current is introduced. The 
negatively charged acid radi(;les make towards the positive entrance 
2)oint of the electric current (the anode), whilst the positively charged 
metals seek the negative entrance point (the cathode). They there 
give up their res})ective charges, and thmeby are separated, as will 
j)resently be described, as products of the decomposition of the 
dissolved substance. 'J'he passage of aii electric current through a 
liquid is due to this movement of the fractions of molecule. Liquids 
which do not contain d(;composed molecules do not conduct an electric 
current unless they are fused metals. On account of this property 
of the decomposition jiroducts of the molecules of causiiig an electric 
current to jiass thi-ough electrolyte solutions, they are named mis 
(derived from the Greek name for “ wanderer ”), and the positively 
charged metals streaming towards the cathode arc termed cations, 
in contra-distinction to the negatively charged acid radicles or 
anions streaming towards the anode. 

The ions present in the solution become converted, by having 
their electric charge withdrawn from th«Ln, into the uncharged atoms 
of elementary metals or uncharged acid radiejes, which appear or 
are precipitated at^the electrodes. They are thus different from the 
latter, as jji shown by their whole behaviour. In a solution of common 
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salt we have to assume that sodium ions and chlorine ions are present, 
in accordance with the theory outlined above, but we do not observe 
in such- a solution any sign of the (diaracteristics of elementary 
chlorine, which is a corrosive greenish gas, with an intensely pungent 
odour and bleaching properties ; or of the characteristics of 
elementary mgtallio sodium, which decftniposeti water, with the 
formation of cauiftic soda (sodium hydroxide), and gaseous hydrogen, 
which e^aj)cs. liut if an electric current is passed into a solution of 
^salt, there is a formation (particularly distinct) of chlorine gas at 
tlie anode, and sodium hydroxide and hydrogen at the cathode. 

Similarly, in the case of a solution of copper sulphate nothing 
can be seen of particles of “ metallic ” copper until the introduction 
of an electric current discharges the cu])ric ion and causes the copper 
to deposit as metal upon the cathode. 'Flic uncharged sulphate 
radi('.le formed by the discharging of ihe sulphate ion at the anode 
cannot exist as sucii, and therefore at the moment of its discharge 
it decomposes the water, with the formation of sulphuric acid and 
oxygen -S 04 d~H 20 ^H 2 S 04 -l-fl 2 - 

The electric charge is of the same strength in such aggregates 
of the molecular fractions as sliow correspondingly eciual valencies 
{i.e. are equivalent). The quantity of a charge of electricity corre- 
spending to a valency is termed an eh’ctmi. Hence, in the electro- 
lysis of sodium chloride there is invariably a simultaneous liberation 
of 23 grins, of sodium and 35‘df) grms. of chlorine ; in the process of 
discharging one sodium atom, the cathode throws oiT a negative 
electron, whilst in discharging one chlorine atom the anode takes up a 
negative electron. 

The dilfcrence in chemical behaviour between the ions and atoms 
(or atom groups) which corres])ond to them is expressed in formula3 
by indicating each positive charge by and each negative charge 
by The ions are thus represented as individual substances 
-distinct from the elementary atoms or uncharged acid radicles. 

Thus we have metallic sodium, Na, the sodium ion Nay elementary 
chlorine Cl, and the chlorine ion Cl'. 

It is,possible to regard the cations and anions as being already 
present even in the undecomposed, undissolved molecules, and their 
combination as being simply the result of the attraction of the particles 
containing different charges ^f electricity. 

There would thus in the combination of two elements {e.g. sodium 
and chlorine) to form a salt be first a change from the elementary 
condition into that of ions containing different charges of electricity, 
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and then a combination of these, through their reciprocal attraction, 
to form a molecule. 

As a further development of this conception chemical affinity in 
general (reciprocal power of combination) may be represenW as 
depending upon negative and positive charges. The individual 
elements 'have diffe^/ent cllctro-aflinities, i.e. differ in their capacity 
of receiving an electric charge, and whereas many exert a strong 
attraction for a negative charge, others are char%t:!terised by ‘‘being 
endowed with a slight positive charge. In the case of many elements , 
both kinds of charge may be present, so that these elements have an 
amphoteric character, i.e. being positive towards negative^ubstances 
and negative towards positive substances, ffor further particulars, • 
see p. G 2 , Sec. 16. 

The dissociation whi(‘h takes place on the solution of an electro- 
lyte, or the ionisation process, as it is also termed, is rf'presentcd as a 
formula in the following manner : NaCl^Na -|“Cl^- 

The complete ionisation of the sul])huric acid molecule corre- 
sponds to the formula H 2 SO.j^ 2 ir-| SO 4 ". It may also undergo 
only partial decomposition : 112804 ^ 11 ' -l-HSO/. 

As was mentioned above, in the solution of the electrolyte there 
is a more or less pronounced dissociation into ions of the dissolving 
molecules, in addition to which molecules still undissociated are 
present in the solution. 

The proportion of molecules decomposed into ions affords a 
measure of the extent to which this dissociation has taken place, 
and is termed the degree of dissociation. If, for example, out of 
100 molecules 75 are decomposed into ions, tlie dissociation degree 
=0*75. If all the molecules are dissociated the dissociation degree 
is 1 . 

The greater the dilution of a solution, the larger is the proportion 
of molecules decomposed into ions, and in very dilute solutions 
practically all the molecules are dissociated. If the solutions are 
more concentrated there is an appreciable, and in many cases a large 
quantity of undissociated molecules present. 

The dissociation capacity differs very much in the case of different 
substances. Thus strong acids, such as hydrochloric, nitric, and 
sulphuric acids, and strong bases, such as sodium of potassium ' 
hydroxide, are almost completely ionise^, in not very dilute solutions. 
The solutions of weak acids, such as e.g. acetic acid, contain, even 
when extremely diluted, many still undissociated molecules, whilst 
the base ^ammonium hydroxide, which as compared with potassium 
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hydroxide is relatively weak, is dissociated to a much smaller extent 
than the latter (p. 25). 

Just as an increase in the number of ions is associated with 
dilutibn, so, on the other hand, concentration of a solution {e.g. by 
evaporation of the solvent) is accompanied by a combination of ions. 
We have here, therefore, a reversible |)rocess, entirely «enalogous 
to that descrid'e(i on pA2 et seq. Here, too, conditions of equilibrium 
niusi bg establisl^ed, for which in the case of acids and bases the law 
of mass action, described on p. 13, holds good in the same way as 
for other chemical reactions. Ostwald has shown that this also 
applies tc, jiiore dilute solutions, and has expressed it as a formula in 
his so-called law of dilution. In such cases the following equation is 
applicable : — 

[Cation]. [Anion] 

[Undissociated radicle j~~ 

where /i is the dissociation constant of the substance in question, 
it is dependent on the temperature. 

It was mentioned (p. 13) that the decomposition of ammonium 
chloride into hydrogen chloride and ammonia is cheeked when one 
of the substances formed as products of the decomposition is already 
present in the same space occu])ied by the gas. and similarly in this 
particular instance of the law of mass action the dissociation is 
influenced in an analogous manner. In the case of the simultaneous 
presence of two electrolytes with one ion in common the ionisation 
of each of these is less than if it alone were dissolved in the same 
volume of liquid. If, for example, ammonium acetate and formate 
are present together the total quantity of ammonium ion must be 
taken into consideration both for the equation 

[NH^j.HCWJ^ 

[HCOONH 4 ] " 

and for the equation 

[NH4-1.[CH3C00J__ 

[CHaCOONHii ' * 

Hence each of the salts is ionised to a less extent than if it were 
alone a solution. 

If in the action of two solutions of electrolytes upon each other 
a reaction occurs, the prejpess is one between the ions. If, for 
example, the action of hydrochloric acid upon silver nitrate is con- 
sidered, the process Vhich actually takes place is not that expressed 
by the equation: AgN 03 +HCl=AgCl-fHN 08 , but since AgNOs 
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is dissociated into Ag’-fNOs' and HCl into H'+Cl', the Ag*+Cr 
act upon each other in such a way that with the discharging of these 
ions silver chloride is precipitated ; the solution will then contain H* 
with NO3'. As fast as the silver ions disappear a fresh portion*of the 
residue of undissociated silver nitrate, which in the case of more 
dilute solutions is very smiill, is ionised, and the resulting silver ions 
again react with chlorine ions, until the whole of tliet;ifver or chlorine 
has been precipitated. 

It will be seen that the same process must also take place when, 
instead of hydrochloric acid, sodium chloride acts upon silver nitrate, 
for, in that case, in addition to Ag‘-1-N03' there are })resent Na*-{-Cr, 
and the ions Ag' and (T react with one another in exactly the same 
way as in the previous instance. From this cxamjjlc it is obvious 
why in chemical reactions solutions of different salts of the same 
metal behave in the same manner, when it is a question of processes 
in which the meial {i.e. the cation) is concerned ; and why, on the 
other hand, in those reactions in which the acid {i.e, the anion) is 
concerned it does not matter which salt of the acid effects the 
reaction. It is, in fact, only the ions and not the salts themselves 
which react. 

Hence the processes which result in the formation of a precipitate 
are only apparently different, whether one writes, for example - 

BaCl 2 +H 2 S 04 -BaS 04 + 2 IICl 
or Ba(N03)2+H2S04=BaS04+2IIN03 
or BaCl2-fNa2S04=BaS04+2NaCl, etc. 

The only process really concerned in the formation of the pre- 
cipitate is : Ba“'|-S04"=BaS04. 

If an element or an elementary grouj) is present in one chemical 
compound in such a form that on dissociation it is liberated as an 
individual ion, but in another compound is in combination with other 
elements to form a group (or com})lcx),i which on dissociation of the 
compound is liberated as an undivided ion, the solutions of these 
compounds will give entirely different reactions. For example, 
sulphides, with the ion S", form jirecipitates with ferrous, ^cupric, 
and cobaltous salts, whereas sulphates, with the ion SO4'', do not 
form them. Chromium in chromic salts is precipitated by timmonium 
hydroxide, in accordance with the equati|>n : Cr"*-f 30 H'=tCr( 0 H) 3 ; 
but if the chromium is present in the form of^a chromate it is not 


1 See p. 10. 
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precipitated by alkali hydroxides, for in that case it is contained in 
the anion CrO/'. 

A distinct difference may be observed between reactions of the 
same dement when present in two different forms of valency (Hg2'’ 
is precipitated, whilst Hg** is not precipitated by CF) ; or between 
the reactions given by different groups elements, which contain 
one element combined with other elements, in different proportions, 
e.g. CfO'» CIO3', C1P4', or in which one element is in combination with 
, different elements. Thus, for example, the two anions CN'' and 
CO3'', both containing carbon, differ in their behaviour, as do also 
the different acid radicles N()3', CIO3', CO3", etc., all of which 
, contain oxygen, apart from the fact that they all act as acid radicles 
in a completely different manner. 

An acM is characterised by containing hydrogen iom, a hose by 
containing hydroxyl ions. The greater the extent to which the 
molecule of an acid or base is ionised, other conditions being equal, 
the stronger the acid or base. 

The action of an acid or base consists in tlic fact that in a given 
reaction hydrogen ions (or hydroxyl ions) disappear, e.g. in the 
solution of zinc in acid. Zn-l-2H*=Zn"-]-Il2, where it is a matter of 
indifference whether the anion is chlorine, sulphate ion, or any other. 

In like manner the neutralisation of a base with an acid depends 
upon the combination of hydroxyl ions and hydrogen ions to form 
water : IIO'-fH*— 1120, quite apart from the question of what 
cations and anions are also present. 

The strength of an acid or base depends upon the acid radicle 
(anion) or metal (cation) which it contains. The greater the inclina- 
tion of these substances to form ions, the more pronounced will be 
the degree of dissociation of the molecule in questions into ions. 

This influence is therefore expressed in the dissociation capacity. 

Strong acids or bases have great, and weak acids or bases slight 
dissociation capacity. The weaker an acid or base, the smaller is its 
dissociation constant. 

Soluble sails have almost without exception a great dissociation 
capacity, and accordingly the more dilute solutions of salts are almost 
invariably ionised to a pronounced extent. They therefore reduce 
the dissocilltion capacity of acids with the same anion (or bases with 
the same cafion, see p. 23 ]^ to an extent which increases with the 
decrease in the dissociation capacity (i.e. the strength) of the acid 
or base. 

In this way, owing to the disappearance of hydrogen ions and 
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the presence of undissociated acid molecules, the acid character of 
acetic acid is reduced to a minimum when sodium acetate is also 
present, of which fact especial use is frequently made in analytical 
chemistry. The addition of a salt of a weak acid to a strofig acid 
has the effect of reducing its acid character, because the imdissociated 
moleculft- of the wegk acid^takes the place of the hydrogen ions 
(Na- +011,000') +( H- +OI')=-(Na- +01') +»!rf 3000 H 

Acid solutions, i.e. those containing hydrogen itins and cfiaractcr- 
ised by a sour taste, are also described as solutions which contain* 

‘‘ free ” acid {and in an analogous manner alkaline solutions are said 
to contain “ free ” alkali). This mode of expression i» a survival 
of the older mode of conception (p. 9, footnote), in which acids and* 
bases in combination in salts were regarded as constituents of those 
salts in contra-distinction to free acids and bases. 

In this connection it may be mentioned that the relative quantity 
of hydrogen ions i affords a measure of the strength, but not of the 
amount of free acid. The latter is equal to the sum of the dissociated 
and undissociated acid molecules. 

If, for example, zinc is dissolved in acetic acid, the process, it is 
true, takes place only in accordance with the e([uation : 

Zn-1 2H’ --Zn"-fH 2 

(and indeed comparatively slowly since relatively few H' ions arc 
present), but the equilibrium 

[H*].[CH3C00'j_ 

[CilaCOOHj 

is upset by the removal of II* ions. In consequence of this new 
acetic acid molecules must continue to be decom])osed until the 
equilibrium is again restored. If an excess of zinc is present this 
cannot take place, and the process continues until all acetic acid has 
been consumed. 

In like manner it is possible to remove the hydrogen ions, as e.g. 
by the addition of sodium hydroxide solution (which contains 
hydroxyl ions to acetic acid. This produces water in accordance 
with the equation H'-fHO'^II^O, and a sodium acetate solution 
is formed, since the sodium and acetate ions remain in solution. 

If more sodium hydroxide is added than corresponds to the acetic * 
acid present, there are no longer hydro^n ions to unite with all the 
hydroxyl ions, and the solution becomes alkaline. This process just 

^ That ia to say, the number which indicates what fraction of the liydrqgen 
atoms replaceable by a metal is present in the condition of ions 
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described of the equalisation of the acid and alkaline characters of 
two solutions, i.e. the combination of all hydrogen ions (including 
those which are still in gradual process of formation) of one solution 
with a^l the hydroxyl ions of the other solution is termed neutralisa- 
lion. The process can be followed with the aid of indicators (Sec. 17), 
blue litmus paj)er being turned red by a^fids, a^d red litraus paper 
blue by alkalAc^olutions. Solutions of neutral salts do not change 
the cftlmir of eitl^fir kind of litmus jiaper. This behaviour towards 
such indicators is also termed the “ reaction ” of the solution, which 
is said to have an acid, alkaline, or neutral reaction. For further 
details, se(^8ec. 17. 

Idle reaction described above of the combination of H* and 
OH' ions must also, in accordance with the law outlined on p. 12, 
that fundamentally all the reactions are reversible, proceed (if only 
to a slight extent) in the direction of a decomposition of the water 
molecule into hydrogen and hydroxyl ions. It has in fact been proved 
that a very small amount of both ions is present in water. 

This renders the relationships in the case of salt solutions still 
more complicated, for it is not only a (juestion of the equilibrium — 

[Metal ion]. [Acid radicle] . . 

[Salt! 

in which for a solution in which no free acid or base is present 
[Metal ion]--[acid radicle] invariably, but owing to the presence of 
the hydrogen and hydroxyl ions there arc also the following con- 
ditions of e(juilibrium to be taken into consideration : — 


[H-J.[OH'| 

[H2O] 


-/^(HsO) 


( 2 ) 


and 


[Hydrogen ion].[acid radicle]_ 
[acid] ” 


1 


[Hydroxyl ionJ.[Metal ion] 
[Hydroxide] 


• (3) 

• (4) 


If Aj and K 2 are of approximately equal magnitude, the result 
when both are large (as when it is a question of the salt of a strong 
acid and a strong base) is that the tendency of the H* or OH' ions 
in the water to combine with the acid radicle or metal ion to form 
undissociated acid or hydroxide is so slight, that neither H* nor OH' 
ions are utilised to any appreciable extent ; when both are small, an 
approximately equtTl quantity of H* and OH' ions is used. In 
neither of these cases does any alteration of the reaction occur when 
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the salt in question is added to the water. But if Ki and K 2 are 
materially different, i.e. if tlie salt consists of an anion of a weak acid 
and a cation of a strongly basic character (or vic£ versa), the reaction 
is considerably influenced. The H* ions originating from the water 
have, for example, a considerable tendency to unite with the anion 
of a weak acid, th^acid n^dicle and the corresponding quantity of 
hydrogen ion disappear from the solution, and undissociated acid 
is produced (equation 3). Owing to the consunjjjtion of^ ions 
the course of the equation 2 is such that it results in the formation 
in the solution of considerable quantities of hydroxyl as anions, 
which in accordance with equation 4 enter into equilibriuji with the 
metal ions present. The solution becomes alkalin(‘. In like manner, 
the solution of a salt which contains the anion of a strong acid 
associated with a weak basic cation will show an acid reaction. 

Since this process may be regarded as a decomposition of the 
neutral salt by water into hydroxide and acid (the stronger portion 
of which is dissociated into ions, whilst the weaker remains practically 
undissociated) it is termed hydrolysis. 

Apart from hydrolysis, there is also a certain degree of dissociation 
of the salt into its ions. Thus when aluminium chloride is dissolved 
in water it is dissociated, on the one hand, in accordance with the 
equation A1C13=A1*"H-3C1', whilst on the other hand, hydrolysis 
takes place in accordance with the equation 

AlCl3-f-3H20-AI(()H)34-3(T-f-3H- 

In all cases in which the solution of a neutral salt, as defined on 
p. 7 (in which therefore acid radicle valencies correspond to all the 
valencies of the metal cations, and vire versa), sliows an acid or 
alkaline reaction, hydrolysis has taken place. Thus the neutral 
(normal) Isfa;jr04 gives an alkaline reaction, and oven the mono acid 
disodium hydrogen phosphate. }IN"a2P04, is alkaline in its reaction, 
at all events towards litmus. 

Separation from Solution. 

The separation of a substance from a solution, i.e. the Recom- 
position of a single phase into several, is the opposite process to its 
solution. 

Such separation may be brought al^ut in the first place by a 
change of temperature and pressure. This may cause, on the one 
hand, a dissolved substance to be transformed from a liquid into a 
gaseous or vaporous phase, so that a gas or a readily volatile substance 
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escapes, while the solvent remains unaltered ; on the other hand, 
cooling or partial evaporation of the solvent may increase the 
concentration above the saturation point, so that a solid substance 
separates in crystals, or the solvent may eventually completely 
evaporate and the dissolved substance be left as a solid residue. All 
these transformations of the process of folutioit correspond to the 
simple, so called ^diysical solution. >So far as they have a bearing on 
quali^ttve analysis they are described in connection with the methods 
of evaporation, distillation, and crystallisation. The change into 
several phases may, however, b(^ also associated with a chemical 
process wli^cli affects the dissolv<'d substance, and causes portions of 
’ it to separate as a solid body or to esca[)e as a gas : or it may bo 
associated with a change of a solvent {rjj. the addition of alcohol to a 
pirnj acpieous solution), which causes the dissolved sul)stancc to 
separate unchanged. In so far as these last two cases are concerned 
witli tlie separation of solid substances, we speak of 'p red pit alum, 
wliich is described in Sec. r>. For analytical chemistry this is of far 
greater irnpoi'tance than the separation of gases (Sec. 18) or of 
liquids from solution. 

Sec. 

2. Crystallisation. 

(Tystallisation in general is the change of a. substance from the 
gaseous liquid (fused or dissolved) or (‘ven from the amorphous 
condition into that of crystals. 

Crystals are solid bodies witli a regular uniform aiTangenient of 
the atoms throughout the whole substance. 

The result of this fixed juxtaj)osition of the smallest particles 
is not only a regular external limitation by flat surfaces, tln^ 
edges and corners of which intersect af. definite angles, but also 
a definite symmetry, characteristic of the substance in question 
in resj)ect of all the properties whicli can be affected by a differejice 
of direction (hardness, frangibility, elasticity, power of expansion 
when heated, heat conductivity, 2 ) 0 wer of refracting light, etc.). 

Solids which in external form and symmetry of properties show 
none of the regularity characteristic of the substance arc termed 
amorphous *(formIcss). They correspond in ail respects to fluids, 
tut are distinguished from Aem by the fact that their inner friction 
is so great that the j^articles can no longer {)ass one another. 

By crystallisation in the narrower sense is usually understood the 
preparation of crystals from solutions, by supersaturating g solution 
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either by cooling or by evaporating part of the solvent (or by both 
simultaneously), and so causing separation in crystalline form. The 
more slowly the cooling and evaporation proceed, the slowej^ is the 
growth of the crystals, but the larger and finer they are when 
formed. 

Crystallisation dbes nol^nevitably occur when a saturated solution 
is cooled below its saturation temperature. Suth solutions are 
termed sub -cooled or supersaturated. An extcfnal impiflse, the 
most certain means being contact with a crystal of the dissolved • 
substance, is required to start the separation of crystals. 

For analytical purposes crystallisation by itself is of little im- 
portance, since, as a matter of fact, it never causes a complete* 
separation of the substance in question from its solution, and so 
does not efi'ect a quantitative separation of the substance from the 
solvent or from other substances in the solution.^ 

On the other hand, the pro[)erties of crystals, as shown both in 
their external form and, in i)articular, in their optical behaviour, which 
can be observed by means of a polarisation ajiparatus (or polarisation 
microscope) are ca[)able of giving material assistance in the identifica- 
tion of substances. (Tystallisation can also be used in the prepara- 
tion of })iire substances, i.e. in freeing them from im])urities. For this 
purpose the substance is dissolved in the smallest possible quantity of 
water, and a new crystallisation promoted by cooling or evaporation. 
The impurities then remain dissolved in the residual liquid (the 
mother liquor). This method of recrystallisation is especially used 
for organic comjiounds, the process being repeated until on renewed 
recrystallisation the suhstance shows no further change in its 
properties (c.//. its melting point). The determination of the pro- 
perties (c.r/. the melting point, see Sec. 15) of such purified crystals 
may be used for the identification of the substance in question. 

To obtain well-formed crystals from small quantities of liquid 
the solution is allowed to evaporate in the air, preferably, in the 
case of aqueous solutions, beneath a bell jar, under which there is 
also an open vessel half filled with strong sulphuric acid. A lens 
or a miscroscope is used for the more accurate observation of (crystals. 
(See Sec. 23.) ^ 

1 It is of course possible to separate by crystallisation the bulk of substances 
which are present in very great quantity, and so to facilitate the detection of the 
substances still left in the residual solution (the inotl^^r liquor), as e.ff. in the 
detection of small amounts of rare alkali metals in sodium chloride solutions. 
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Sec. 5. 

3. Precipitation. 

The precipitation of a aubstance is its separation from a solution 
either in consequence of an alteration of the solvent (e.g. th*^ separation 
* of calcium suj[^^»hate from aqueous solufiou by the addition of 
alcoho^ or, as is more frequently the case, as ilie result of a chemical 
reaction in the solution, whereby a new substance which dissolves 
•with difficulty in the liquid is produced. 

The substance which thus separates and usually sinks to the 
bottom is t«rmed a precipitate. 

• Different kinds of chemical reactions may cause this effect. In 
far the largest number of cases they consist in a transformation of 
molecules caused liy mixing two solutions, i.e. the ions previously 
in solution combine to form insoluble substances as, for exaiiqilc, 
AgNOaH-Naffl-Agd f-NaNO.^, or Ag’-l-Cl'- -Agd Whilst in this 
case sodium nitrate, or sodium and nitrate ions, remain in solution, 
there may also be cases in which (when the substanc('s are present in 
solution in equivalent (piantities) everything separates, as c.g. when 
solutions of barium sulphide and zinc sulphate interact, for the 
resulting compounds are then both insoluble. 

BaS+ZnS 04 ---BaS 04 +ZuS 

There is hero a simultaneous conqdetion of both ion reactions : 
Ba-’+S04"-BaS04 and Zn--f S' =ZnS. 

The precipitation reactions also include those in which a solid 
substance is dissolved, and another is precipitated in its place. If 
an iron rod is immersed in a solution of copper sulphate, copper 
separates and iron is dissolved : Fe-hCuSU4 -Cu-f"BeS04, or 
Be-f Oir*=Kc"-f Cii. 

The latter formula shows that it is here a question of the dis- 
charging of the cupric ion, since the iron originally present in elemen- 
tary form replaees it in solution as a cation. 

This property of iron is expressed by saying that iron has a greater 
solution ^tennon (a greater solution pressure) than copper. The 
solution tensions for the change from the elementary to the ion 
condition are characteristically different in the case of different 
metals, so that they can be {^pranged in an order of tension, in which 
one member invariably precipitates the following from their solutions. 
The precipitating metal is always more electropositive than the 
precipitated metal. 
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If an ion is not replaced by another, but anion and cation are 
simultaneously discharged, it is possible to precipitate the remainder 
of the ions deprived of their electric charge, provided that they arc 
insoluble. This happens wlien an electric current is conducted into 
a corresponding solution. Thus copj)er is precipitated by an electric 
current, 'and owinjj^to thelwithdrawal of its charge Cir’+'^—Cu. 

Precipitations are also frequently brought aboiftlfy the introduc- 
tion of a gas into a liquid, as, for example, whenlijad sulpliitlcf is pre- 
cipitated from a lead nitrate solution by means of hydrogen sulphide :« 
Pb(N 03 ) 2 -fH 2 S-PbS-}- 2 HNO 3 ,orPb--l-H 28 =PbS-}- 2 H-. 

In contrast to the invariably gradual process of crystallisation, 
described in the previous section, the ebange which brings about thct 
precipitation alwaj's takes place more or less suddenly, at all events 
in the case of the reciprocal actioji of two liquids mixed together, 
and the sc})aration of the solid substance also as a rule takes jclace 
more or loss raj)idly. The ])rocess, however, is not always conq)lcted 
so ra])idly, as to exclude the possibility of the formation of a regular 
grouping of the atoms, with the resultirig production of crystals. 
The a])pearanc.e of the precipitate th(*refore varies according to the 
conditions under which it is produced, and a distiiudion is drawn 
between crystalline, floccmient, pulverulent, caseous, and gelatinous 
precipitates. If the quantity of the new coni])ound in process of 
formation exceeds by a not ver}' coiisiderable amount that contained 
in the liquid at the saturation point for the conq^ound in question, 
only a supersaturated solution will at first b(‘ formed. In this case 
the separation of the precipitate is acceb'ratial by shaking and by 
rubbing the sides of the vessel with a glass rod. 

if the precipitation takes place rajiidly, the substance frequently 
separates first in an amorjihous condition, and then under certain 
conditions subsequently becomes crystalline on standing. 

The form of the precijiitate dcqiends, on the one hand, upon the 
concentration and temperature of the solution, i.e. upon the inter- 
acting solutions, and, on the other hand, uj>on the nature of the 
separating substance. It is, therefore, frequently possible to draw 
a conclusion concerning the separated substance from the appearance 
of the precipitate, its form and colour. Precipitation may thus be 
used for the identification of .substances, and in such casdfe is of value 
even when a complete separation of tl)^^ substance in question does 
not occur. 

A much more fre(j[ucnt u.sc of precipitation, however, is to separate 
substances from one another, by converting one or more of several 
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substances in solution together into a precipitate whilst others 
remain in solution, so that then a mechanical separation of solid 
and dissolved substances may be effected. To attain this end the 
precipitation must be as complete as possible. 

The only substances suitable for this purpose, therefore, are 
w such as are soluble with difficulty (practi^illy insoluble), affid the 
conditions affectfn^ the liquid from which precipitation is to be 
made m'dst be so adjusted that the relative insolubility is increased 
much as possible. For this reason as small a volume of the 
liquid as possible is taken (especially in the case of substances which 
are sparingly soluble), and the temperature of the solution is, in most 
c^ses, kept low. The solubility of a substance in a liquid may also 
be reduced by altering the solvent, e.g. by the addition of alcohol to 
an aqueous solution of calcium sulphate. Moreover, experience has 
shown that in the case of the actual precipitation reactions the relative 
insolubility of the precipitate is increased when one of the two inter- 
acting substances is present in excess. Thus barium sulphate is 
considerably more soluble in pure water than in water which still 
contains in solution either sulphate ion or barium ion. Since, 
therefore, barium sulphate is always precipitated for the purpose 
of separating either the barium or the sulphate ion from solution, an 
excess of sulphate is used in the first and of barium in the second case. 

This old empirical practice has its explanation in mass action, 
i.e. in the conditions of equilibrium between the ions and the undis- 
sociated part of the substance. 

As was explained on p. 23, the condition under which equilibrium 
is attained in solutions of salts is that the product of [Anion] X [Cation] 

~ A X [undissociated salt]. The concentration of the undissociated 
substance must be constant in a solution which is in contact with 
undissolved portions of the said substance, i.e. saturated with it 
(and in cases suitable for analytical precipitations must be very 
small). Hence the product [Cation] x [Anion]- the so-called <sohf- 
hility 'product ^ — is also constant. In proportion, then, as one factor 
of this product increases in the solution (through the addition of 
excess of precipitant), the other factor must become smaller, and 
more complete separation of the ion in question be thereby attained. 
This influence*of an excess of one of the two ions becomes more 
, decisive with the increase in sejubility of the original substance, so 

^ If tho precipitate has ?ho formula: Cation „. Anion w, as CaslPO^)*, 
the solubility product must correspond to tho general form of the law of mass 
action : [Cation "] . [Anion "•], os e.g. [Ca*] . [PO4*], 


3 
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that in cases where jprecipitates which are relatively soluble are 
formed, a correspondingly large excess must be added to produce 
a precipitation, which, however, may then under certain conditions 
be nearly complete. The sulphate ion, for example, can Ue almost 
quantitatively precipitated as benzidine sulphate (notwithstanding 
the fact that the.latterfjs by no means insoluble), provided that an , 
excess of about 50 per cent, of the precipitant is 

Sometimes a precipitate may also redissol^e in cxcest of the 
precipitant, owing to a new chemical reaction taking place bctwee^ 
the two {e.g. formation of a complex, p. 10). 

In this way, too, the presence of a third substance, although not 
contributing to the primary reaction, may influence tTie final resist 
by entering into a further reaction with one or other of the inter- 
acting substances, or with the precipitate produced by them. 

Thus, for example, the addition of an ammonium salt influences 
or inhibits the precipitation of magnesium hydroxide by ammonia 
from the solution of a magnesium salt. 

The occurence of a precipitate in the reaction 

MgCl2+2NH40H-Mg(0H)2+2NH4Cl or Mg’*-f20H'-=Mg(0H)2 

depends upon the fact that so many Mg'* and OH' ions are simultane- 
ously present in the solution, that the solubility product [Mg”].[0H']2 
is exceeded. 

The presence of an ammomum salt, however, checks the dissocia- 
tion of the ammonium hydroxide, and thus reduces the concentration 
in OH' ions, with the result that niore Mg” ions can remain in solu- 
tion, and the precipitation thus becomes less complete or does not 
take place at all. Since, under any conditions, in the precipitation 
of a magnesium salt with ammonia ammonium ions are added to the 
liquid, only a part of the magnesium can be precipitated as hydroxide. 

In like manner the presence of e.g. hydrogen ions prevents the 
separation of precipitates of weak acids, by checking their dissociation 
to such an extent that the solubility product is no longer reached. 

Thus potassium chromate in acid solution does not precipitate, 
e.g. strontium, i.e. precipitated strontium chromate, is soluble in 
acids, for (2K--f-CrO'4)-f (2H’-f2Cl')=(2K‘+2Cl')-f H2Cr04. In this 
case the chromate ions are withdrawn. ►Should this taice place to any 
considerable extent the solubility product [Sr”],[CrO"4] is no longer 
reached, and no precipitate can be produced (see also Sec. 101). 

Even in cases where a direct repression t>i the dissociation of the 
precipitant (through the presence of an ion of the same character in 



§ 

^ SEC. 5 P^EOIPITATHON' ^ 35 

the solution) cannot be assumed, but in .which the completeness of 
the precipitation is influenced by the presence of a third substance 
(e,g. the precipitation of barium sulphate by salts of potassium, 
8odium,iCalcium, or magnesium, or of calcium carbonate by the salts 
of alkali metals, etc.), it is necessary to assume that the substance 
in question enters into a by-reaction with one of the substances taking 
part in the prei^pitation reaction, or with^the substance to be pre- 
cipitated (to form a double salt, complex or the like), so that the 
entire quantities of the substances present arc not available for the 
bquilibrium equation 

Since the object of precipitation is the separation of the sub- 
stances throevn out of solution, it is essential for the subsidiary pro- 
cesses of decantation and filtration, described in the following 
sections, that the precipitate shall not he too fine. Otherwise it remains 
suspended in the liquid, and passes through the pores of the filter 
(Sec. 6). In many cases this may be obviated by shaking, and 
especially by allowing the precipitate to stand in a warm place. In 
the former case there is a formation of larger fiocks through the 
coalescence of the smallest particles which attract each other, and 
in the latter there is an increase in the crystalline nucleus of the 
precipitate. This is due to the fact that the solubility of a substance 
in a liquid depends upon the relative area of its surface, and that the 
greater this area {i.e. the smaller its particles) the greater surface 
tension does it possess. Hence when larger and smaller crystals 
of the substance are in contact with the solution, it is possible for 
the latter to be saturated as regards the larger crystals, but not 
completely as regards the smaller crystals. The result of this is 
that the very small particles dissolve, whilst the larger ones increase 
in size. This process only takes place to a notable extent in the 
case of very small crystals, which have a large surface in proportion 
to their size. 

Separation in the colloidal condition is a form of separation, 
which under certain conditions occurs in precipitation reactions, 
without the formation of a true precipitate, and represents a still 
finer state of distribution of the solid substance in the liquid than 
the finest precipitate (see Sec. 9). Substances in this form of distri- 
bution do qpt subside, and cannot be separated by filtration. It is 
frequently possible, however, to cause such colloidal substances to 
separate in the form of o^inary precipitates by introducing an 
electrolyte into the solution. Thus, for example, hydrogen sulphide 
does not produce true precipitate in an aqueous solution of arsenious 
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acid, but causes the formation of arsenic trisulphide in colloidal form. 
The liquid turns yellow, but remains clear. But if hydrochloric acid 
is then added, a flocculent precipitate is formed. A similar behaviour 
is shown by cupric ferrocyanide, which in pure water remains dis- 
tributed in colloidal form, whilst in the presence of a salt it forms a 
precipitate. As a, genera^ rule, it is often possible to cause precipi- 
tates in a very fine state of division to separate i¥> ^ flocculent form 
by the addition of salts, so that they can be separated from thcr liquid. 

It is also frequently possible by applying heat to cause colloidal^ 
substances to separate. Silicic acid when liberated from silicates is 
always obtained in a colloidal form, in which it cannot be separated 
from the liquid, so that it remains partly in (apparent) solution. 

Separation of Precipitate from Liquid. 

Two diflerent processes are used in analysis, according to the 
conditions, for the separation of a liquid from a solid substance which 
is present in it, viz. filtration and decantation. Both are supplemented 
by washing. 

Sec. 6. 

4. Filtration. 

In this operation the object mentioned above is attained by 
pouring the liquid, together with the particles contained in it, from 
which it is to be separated, on to a fine porous medium, as a rule on 
to unsized paper (filter paper, placed in a funnel), as this allows the 
liquid to drain through, whilst the solid particles are retained. 

The liquid which runs through is termed the filtrate, and the solid 
particles remaining on the filter paper the (filtration) residue. 

In order that the retention of the precipitate may be complete 
and the filtration rapid (because finely divided gelatinous precipitates 
choke the filter pores), care should be taken that the precipitate is as 
granular or flocculent as possible, and it is therefore advisable to 
allow the precipitate to stand for sufficient time (see p. 35), so as to 
cause the colloidal precipitate to coagulate (see pp. 35 and 44). 

In the case of very fine precipitates which can easily pass through 
the filter paper, clear filtrates can often be obtained b}^ placing one 
filter paper within another. In similar cases a clear filtrate can 
often be obtained by mixing filter-paper pulp with the liquid. 

Occasionally a precipitate passes through Ihe filter paper at the 
beginning of filtration, but after a y^hile particles of the precipitate 
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fill up tho filter pores, and thus form a more compact filtering medium, 
so that a clear filtrate is obtained. The first turbid filtrate is re- 
peatedlj* poured over the filter, and this results in a quite clear liquid. 
It is occasionally necessary to repeat this process several times before 
the filtrate is clear. ^ 

Warm liquids (^n be filtered more quickly than cold ones. It is, 
therefo-^p, preferable to filter the solutions while hot. 

With a few exceptions, the funnel should be of glass (Sec. 24, 
S). The sides should be smooth and at an angle of 60°, so that 
the filter paper can lie evenly against them. Funnels with a long 




Fig. 1. 




Fig. 2. 


comparatively narrow outlet tubci are most suitable for rapid 
filtration. It is advisable to fix them in a filter stand, so that they 
keep in a rigid position. 

Figs. 1 and 2 show suitable kinds of filter stands. Wooden ones 
have the advantage that the acid vapours of the laboratory air do 
not affect them, but in time the base is apt to bo attacked by alkaline 
or acid liquids unavoidably dropping on to it, so that the receptacles 
for the filtrate no longer stand evenly on it. In addition, wooden 
stands may warp. Iron stands are steadier, but rust easily, and 
therefore there is the danger of particles of rust from the upper part 
falling into the liquid undergoing filtration and either mixing with 
the precipitate or contaminating the filtrate by dissolving in it. 

^ Zeitsch. anal, Chem., 44, 117. * 


38 


GENERAL CHEMICAL PRINCIPLES 


CH. I 


This can to a certain extent be avoided by covering the stand with 
bituminous varnish, but this coating of varnish renders the adjust- 
ment at different heights of the clamp holding the funnefs rather 
more difficult. Brass rods are more resistant to the action of acid 
vapours; but if they afe attacked obviously involve the risk of 
contaminating the filtrate or precipitate by copperor^2inc compounds. 
Ostwald ^ recommends the use of a ring open at pne side, ink) which 
the tube of the funnel can be inserted sideways. This is handier an(j 
lessens the risk of liquid dropping on to the stand. In iron stands 
the ring is generally lined with porcelain or cork. 

The filter papers arc generally used smooth, but sometimes flute^. 
The former are chosen when the solid substance to be separated is 
required for subsequent use, and the latter 
(which render a more rapid filtration pos- 
sible) when it is only a question of obtaining 
a clear filtrate. Smooth filter papers which 
are placed in the funnel in such a way that 
they lie flat against the sides, are obtained 
by folding a circular piece of paper twice 
in such manner that the folds arc at right 
angles. As. however, this means that one 
side of the paper consists of three thick- 
nesses, so-called oj)en filter papers, as shown 
in Fig. 3, are recommended for many pur- 
poses. (They can be bought ready cut.) 
Here a is folded over h, and the projecting 
part c is wrapped over 0.2 It is easier to 
demonstrate than to describe the prepara- 
tion of fluted filter papers, which can be made in various ways 
and can also be bought ready made. If the contents of the filter 
paper have to be washed, the paper should not project beyond the 
edge of the funnel, but should always be at least J cm. below it. In 
most cases it is advisable to moisten the 8mt)oth filter papers before 
use (and to insert them in such a way that the outlet tube of the 
funnel remains full of liquid), because not only can the filtration be 
carried out more quickly, but the substances to be filtered do not ' 
pass through the pores so easily. Pajjer which is chosen for filtration 
purposes should be as free as possible from inorganic substances, 
especially those which are dissolved by acids (iron or calcium com- 
pounds). Bought filter papers seldom comply with these strict 
» ZtiUch and, Chem,, 81 , 182 . * Ibid., 88 , 606 . 
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requirements, and for delicate analysis it is essential that the filter 
papers be washed with acid and water. Papers washed with hydro- 
fluoric ^cid and hydrochloric acid as well as the unwashed ones can 
be purchased ready for use. If it is desired to wash the papers 
personally, the apparatus shown in Pig. 4 should be used for the 
purpose. A is a flask with no bottom, confaining*two sheets of glass 
a and h, between Vhich the ready cut and folded filter papers are 
placed. A short gluss tube d is fitted into the cork c, and has a small 
%’ubber tube e attached to 
it, whicli is closed at the 
bottom by, means of a 
small glass rod or spring 
clip. The flask is filled to 
above a with a mixture of 
one part of hydrochloric 
acid of ri2 sp. gr. and 
two parts of water, and 
allowed to stand for 4-8 
hours. 1 The acid is then 
allowed to run off by 
opening the clip on e. 

After closing the opening 
again, the flask is filled 
with clear well or tap 
water, which is allowed to 
stand for an hour before 
being run off, and the 
washing with such water 
is repeated until the last 
washings show no acid 
reaction ; the washing is 
continued with distilled water until a sample of the liquid draining 
off, mixed with a few drops of a solution of silver nitrate, no 
longer gives a turbidity. After washing, the papers are placed 
between layers of blotting-paper and dried on a porous medium at 
a gentle heat. If only a few filter papers are to be washed, they 
should belaid within one another, as for filtration, in a funnel, 
sprinkled with moderately dilute hydrochloric acid or nitric acid, 
and after a while thoroughly washed with tap water and finally with 

^ Filter papers easily become brittle if too stnmg acid is used, or if they are 
allowed to remain too long in contact with the acid- 
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distilled water. Apart from its purity, the character of a good filter 
paper depends on the speed with which liquid can pass through it, 
and the manner in which it retains suspended precipitates, even 
finely divided ones such as barium sulphate, calcium oxalate, etc. 
If paper cannot be obtained which fulfils both requirements it is 
advisable to keep a su]f:iply of two kinds, a thick quality for the 
separation of very fine precipitates, and a more 5)o?ous one for the 
purpose of a quick filtration of coarser particles. For soifle time 
it has been possible to obtain filter papers hardened by treatment 
with nitric acid, which, owing to their firmness, are excellent for 
filtration and are but little attacked by alkaline hydroid^e and acids. 

Filtration with the aid of a suction apparatus is described in th« 
introduction to quantitative analysis. 

With regard to the many suggestions for automatic filtering 
apparatus with a continuous or intermittent washing of precipitates, 
reference should be made to the Zeitschrift fur analytische Chemic. 

Sec. 7. 

5. Decantation or Pouring off. 

This operation is often used instead of filtration, when the solid 
particles are of considerably greater specific gravity than the liquid 
from which they are to be separated. They then subside more 
rapidly and form a deposit, so that the supernatant liquid can be 
either poured off by tilting the vessel or drawn off by means of a 
siphon or pipette. In many cases decantation must be used instead 
of filtration in order to free precipitates completely from the liquids 
in which they are contained, especially when a precipitate is so 
gelatinous that it rapidly chokes the pores of the filter paper when 
laid on it ; as a matter of fact, in this case complete washing of 
the precipitate upon the filter would be impossible. Occasionally 
decantation and filtration are combined by leaving the precipitate 
as far as possible in the vessel in which it has subsided, but pouring 
the liquid through a filter in order to render it completely clear. 

Sec. 8. 

6. Washing. 

If the object of filtration or decantation is to obtain a solid 
substance in a pure condition, that is to say its complete separation 
from the solution from which it was precipitated, it must be freed 
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from the liquid adhering to it by repeated washing. This operation 
is termed washing. Washing by decantation consists simply in stirring 
the precipitate with water or other fluid after the liquid has been poured 
off, allowing it to settle, pouring it off again, and so on. For washing 
a precipitate collected on a filter a washing bottle is used (Fig. 5). 

The illustration needs no explanation. The* tube pointing to 
the left is drawn dht to a fine open point. If it is desired to make 
this tulDe movabl*, the shorter arm of the tubes should be cut 
through and the two parts connected together with rubber tubing. 
By blowing into the upper tube a fine jet of water is forcibly driven 
out of the lo^er one ; this is especially suitable for washing precipi- 
tetes. Washing-bottles of this de- 
scription have the advantage that 
they can be used for washing with 
hot water. In order to hold the 
bottle when filled with hot water, tJic 
neck should be surrounded with cork 
or felt and this made firm by binding 
it with cord, or it can bo bound, as 
shown in the illustration, with several 
lengths of cord only. 

As the success of an analytical 
operation often depends on the proper 
washing of the precipitates, care 
should be taken that all parts of the 
precipitate are brought uniformly into 
contact with the washing liquid, and that the edge of the filter 
paper not covered by precipitate is also washed. 

By observing the following rules the complete washing of a 
precipitate on the filter may be accelerated, and at the same time 
the quantity of washing liquid required will be reduced to a minimum ; 
only add fresh washing liquid to the filter when the former quantity 
has completely run off, and always fill the filter up to the upper edge 
of the paper. The precipitate should be broken up with the jet of 
water coming from the washing-bottle, provided, of course, that there 
is no risk of the filtrate becoming turbid. 

In the case of gelatinous precii)itates the washing liquid often 
runs through so slowly that*they cannot be washed on the filter. 
In such cases the precjpitate is forced from the filter paper by means 
of the jet into a beaker or dish, is washed there by decantation, and 
only then placed on a filter paper again. 
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Washing should be continued until its object has been actually 
attained. This is, as a rule, only the case when the precipitate has 
been completely freed from the adhering liquid. 

Guesswork must not be relied on, and as a proof, a suitable test 
must be applied to the last washings run off. If the substance to be 
removed by washing is sSlid and not volatile, it will^ generally suffice 
if a drop of the washing liquid is slowly evaporated on a strip of 
platinum foil ; if it disappears entirely the object* of the washing has 
been attained. In many cases a test applied to the final washingl 
with a test paper or suitable reagent (silver nitrate) (p. 65) will prove 
whether a precipitate has been thoroughly washed. r 

Another method which has been suggested of determining whcthA: 
the washing of a precipitate is complete is to draw a deduction from 
the amount of washing liquid used. Presuming that every time 
washing liquid is poured over the precipitate, tlie fluid still adhering 
to the precipitate is diluted to a certain extent, it is easy to reckon, 
taking into consideration the number of times washing has taken 
place, how large a proportion of the original filtrate can remain in 
the precipitate. It has been proposed, for example, that washing 
continued until the dilution is ten thousandfold is invariably suffi- 
cient. This does not, however, meet all cases, because the substances 
to be separated are not only present in dissolved form between the 
particles of the precipitates, but also, according to the nature of the 
precipitate, adhere to its surface in varying quantities owing to 
adsorption, so that they cannot be as readily washed as the calculation 
shows. A direct test is safer and therefore always to he recomiMnded, 

The size of the granules in the precipitate is of importance both 
as regards the quantity of the liquid enclosed between the particles 
of the precipitate, and also as regards the quantity of substance 
which the surface adsorbs (see p. 35), and washing is easier the more 
coarsely granular are the precipitates. 

When the solubility of the precipitates in the liquid from which 
they are separated is materially different from their solubility in 
water or the washing liquid, or when the precipitate changes into the 
colloidal suspension (p. 35 and Sec. 3) after removal of the solution, 
the filtrate will become turbid if it is mixed with the w^hing water. ^ 
If there is the risk of this occurring it is advisable to collect the 
washing water separately in order to dbtain a clear filtrate. 

In order to avoid the possibility in such cases of a portion of the 
separated precipitate being washed away in this manner, suitable 
substances must be added to the washing water {e,y. ammonia for 
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the washing of magnesium ammonium phosphate or a salt for the 
washing of colloidal precipitates). 

Whete possible it is advisable to wash with a hot liquid, both 
with the object of obtaining more rapid filtration and for more 
complete solution of the adsorbed substances. 

Liquids whi^^o not mix with water will not flow through a 
filter paper moistened with water, and one can therefore separate 
Jliem from aqueous solutions by this method, e.g. carbon bisulphide 
or a solution of iodine in carbon bisulphide. 

• 

Separation of Dissolved Substances from one another. 

For the separation of substances present in solution or in pseudo- 
solution processes can also be used in which the substances remain 
in the dissolved condition, but in which they are obtained in separate 
solutions. Processes which produce this result arc dialysis and 
shaking or extraction. 


Sec. 9. 

7. Dialysis. 

The colloidal condition is, as was mentioned on p. 35, an inter- 
mediate stage between true solution and the finest suspension, 
i.e. there is still no visible heterogeneity present, but the particles of 
the colloidal substance are regularly distributed throughout the liquid 
as in the case of a true solution. But compared with the ordinary 
molecules or ions they are relatively large, so that although they are 
not directly visible, yet they reflect, refract (or bend) light, and by 
this produce certain optical effects, in consequence of which colloidal 
solutions appear coloured or turbid (opalescent). 

It is not possible, however, to draw a sharp distinction between 
the finest suspension or emulsion and colloidal solution on the one 
hand, or between the latter and a true solution on the other. But 
in practice it is possible to fix the limits for the colloidal condition by 
the fact that the individual particles regularly distributed throughout 
the liquid vary in size from a 10,000th part of a millimeter (OT/x) and 
a millionth part of a millimeter (1/x/x). 

Particles which are greater are retained by the paper filter and 
are still visible under the microscope, but smaller particles approximate 
to molecules in size aftd are distinguished from colloids by their power 
of diffusion described below. 

A colloidal distribution of a substance in a liquid (pseud#-solution) 



44 


GENERAL CHEMICAL PRINCIPLES 


CH. I 


is called “ sol ” in contra-distinction to the substance “ gel ” 
separated from such distribution by coagulation. 

It was mentioned on p. 35 that such a precipitation is*in many 
cases caused by the addition of electrolytes. This process usually 
depends on the fact that the colloids are electrically charged (more 
frequently negatively tl^n positively). When they encounter ions 
oppositely charged they are discharged and thereby precipitated. 
It has been found that the higher the valency the ions, i.e. the 
more electrons to which their charge corresponds the greater is theit 
activity in this respect. 

Two oppositely charged colloids can also reciprocally discharge 
each other and be precipitated. 

In the case of many colloids there is a combination of the sub- 
stance distributed through the bquid with the molecules of the latter 
(usually water) to form larger complexes, which on their part, in 
contra- distinction to the behaviour of a true liquid, are distributed 
between molecules of the substance. In such cases the precipitating 
action of many salts is due to the fact that it has a dehydrating 
action on these complexes. 

There is an essential difference between true solutions and 
colloidal “ pseudo-solutions ” with regard to their diffusion capacity, 
i.e. their 'power of penetrating into another layer of liquid with which 
their fluid particles can mix uniformly. In the case of true solutions 
the dissolved substance spreads uniformly into the solvent in accord- 
ance Ytith the same laws as does a gas into an empty space, i.e. one 
containing another gas. If such a solution is covered with a pure 
solvent, mutual mingling takes place (so-called diffusion) until 
uniform mixture is obtained. The dissolved substance is distributed 
through the liquid in consequence of its osmotic pressure (the reciprocal 
power of attraction between it and the solvent). 

Colloidal substances diffuse either not at all or only to a very slight 
extent into liquids. Here, too, there is a gradual transition, since 
simultaneously with the growth in the size of the particles, there is 
an increase in the forces which counteract the tendency towards a 
homogeneous distribution in the liquid. (Friction, separation 
due to specific gravity, reciproccl attraction of homogeneous 
masses, etc.) 

The difference is shown still more dtearly in the case of diffusion 
through porous diaphragms, such as the membrane of an animal 
bladder, parchment paper, etc., than in free diffusion. Such 
“ porousc” diaphragms have such fine openings that liquids can 
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penetrate into them, but contrary to what happens in the case of 
filter papers, do not pass through them into the air, but can only 
evaporate. If, however, such a porous membrane is interposed 
between \wo liquids which can moisten it, both of these liquids 
penetrate to the other side of the molecule and back again, so that 

• a reciprocal flow takes place in both dire j ions, although with a 
different velocityf^ • 

In the case of true solutions the molecules of the dissolved 
sj^bstance pass, togetlier with those of the solvent, through the dividing 
membrane, whereas the large particles of a substance distributed in 
colloidal form through the liquid cannot penetrate through the fine 
openings of the membrane, but remain on one side of it. 2 

This difference was first observed by Graham, who used it as a 
means of separating substances in colloidal solution from those in 
true solution, and termed the method “ dialym” 

Since substances present in true solution are obtained as crystals 
on evaporating the solvent, Graham termed the substances passing 
through a porous membrane crystalloid's^ to distinguish them from the 
colloids left behind. 

The primary distinction drawn by Graham between particular 
substances cannot be maintained in its entirety, since, as a matter 
of fict, all substances can be disintegrated into the colloidal con- 
dition. In practice, however, it is possible to distinguish between 
the substances which readily form true solutions, and those which 
almost invariably form only colloidal pseudo-solution. For the 
separation of these two kinds of substances dialysis is an exceedingly 
useful method. 

Crystalloids in this sense include, c.g. sugar, salts, and alkaloids ; 

^ Thus pure water cliffuacs more rapidly into salt solution than vice versa. 

* Just as, speaking broadly, there is no sharp distinction between fine 
suspension, colloidal condition, and true solution, so too the same remark 
applies to the retention of such substances by porous media. Filter papers retain 
true precipitates, very thick pajiers keep back very fine suspensions, whilst 
porous membranes will prevent the passage of colloids (which pass through a 
filter) but allow substances really in solution to pass. But even these last 
may be kept back by certain (somi-porous) membranes, which are still per< 
meable by solvents. Semi-porous membranes of this type are formed, e.g. by 
the membranous precipitates of cupric ferrocyanide. Owing to such a dividing 
film between a solution of sugar and pure water, the latter can penetrate into 

• the sugar solufKon, which, however, cannot diffuse into the water. If the 
liquids were originally at the same level on both sides of a dividing membrane, 
a difference of level {i.e. of pressuft) results. The process continues until the 
excess of pressure on the side of the sugar solution is equal to the osmotic treasure 
of the latter, i.e. until the equilibrium is reached between the attraction of the 
sugar for the water (which causes a dilution of the sugar solution) and the excess 
of pressure which opposes the influx of the water. 
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Fig. 6. 


whilst examples of colloids are, e.g. glue, india-rubber, dextrin, 
enamel, tannin, albumin, extractive substances, silicic acid, etc. A 
suitable apparatus for dialysis is that shown in Figs. 6 and 7. In 
Fig. 6 the liquid to be dialysed is placed in the open be^d-shaped 

glass vessel, over the 
bottom of which a 
parchment paper has 
been tied,w]iil^st in Fig. 
7 is introduced into 
the ring, the bottom 
of which is also com- 
])osed (5f parchment 
])aper. This ring is 
made of wood, or 
better, of gutta-percha. 
The diameter of the 
parchment paper with 
whicli the bell or ring 
is covered must ex- 
ceed that of the bell 
or ring by about 10 
cm. ; it is moistened 
when drawn over the 
ojiening and secured 
by string or elastic 
bands, but must not 
be stretched absolutely 
tightly. The parch- 
ment paper must be 
free from any places 
which would allow 
liquid to pass when 
moistened on one side 
only ; this is tested by 
placing pure water on 
the upper surface and 

observing whether moist spots appear on the undersj^e. If faults 
are found they must be remedied by applying liquid albumin, 
coagulating it by heat. When the Aialyser has been proved to be 
trustworthy it is charged with the material cinder examination. If 
the latter is quite fluid, the bell apparatus may be used, but if it 
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also contains solid substance the ring apparatus is preferable. Care 
must be taken that the height of the liquid in the dialyser does not 
exceed 1*5 cm., and then the membrane should be slightly immersed 
in the \^ater in the outer vessel, the quantity of which should be at 
least four times as great as that of the liquid to be dialysed. For this 
purpose the bell is suspended in a suitable* manner, as shown in the 
figure, whilst the j^ng is simply allowed to float on the water. After 
24 hours half to three-quarters of the crystalloid substances will 
Jiave passed into the outer water, whilst the colloidal substances 
have remained in the dialyser ; only traces, at most, of the colloids 
will have simultaneously diifused into the exterior liquid. By 
jepeatedly iffi'inging the dialyser into contact with fresh quantities 
of water it is possible eventually to separate the whole of the cry- 
stalloid substances from the colloidal substances. When only the 
colloidal portion is required the use of parchment thimbles (which 
can be purchased) is a very rapid method of effecting the separation. 
The liquid is introduced into this capsule, which is then suspended 
in a vessel through which flows a constant stream of water. Dialysis 
may frequently be of great use in forensic chemical investigations 
(see Sec. 201). 

Sec. 10. 

8. Extraction by Shaking and Continuous Extraction. 

In order to separate several substances which are 
in solution together, or to extract a dissolved sub- 
stance from its solution, a process may be used in 
which the solution is intermingled with other solvents, 
in which it is insoluble or only sparingly soluble, but 
which has a greater solvent action than the first 
solvent upon the substance. When the mixture of 
the two solvents which have been brought into 
intimate contact, usually by shaking, is allowed to 
stand, it separates into two layers, whic-h can be 
separated from one another. In practice this is 
usually effected by means of a separating funnel. 

Fig. 8. 

As a n*le a relatively readily volatile solvent is 
used for the “ shaking out ” process, so that when 
it is evaporated the substance extracted from the 
first solution may b^ obtained. 

The extraction of the substance in question from the first solution 
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is usually incomplete, but as the result of the shaking there is pro- 
duced a condition of equilibrium in the sense that the concentration 
of the substance to be extracted from the first solvent stands towards 
its concentration in the second solution in a relationship which is 
a constant for the substance in question and the two solvents. This 

constant is termed the 
^ disWidution coefficient, 

an^ under ^normal 
conditions is equal to 
the ratio of the solu- 
bilities oHhe two sub- 
stances in the respeo 
tivc solvents. If, for 
example, a single shak- 
ing of an aqueous so- 
lution with a definite 
amount of ether trans- 
Cj fers J of a substance 

into the ethereal solu- 
tion, a second shaking 
of the separated aqu- 
eous layer with the 
same quantity of ether 
will again remove f of 
the substance remain- 
ing in solution, leaving 
still dissolved in the 
water ; whilst a third 
shaking will then leave 
only ~ of the original 
substance behind. In 
this way it is possible, 
as in the case of washing, to reach a point where the residue is 
practically equal to nil. 

In cases where the distribution coefficient is unfavourable the 
result may only be attained by long-continued repetition of the 
process. In some cases, therefore, it is advisable to use^ process of 
continuous extraction instead of shaking^ 

An extraction apparatus for liquids devised by H. Schwartz i is 
shown in Fig. 9. The solvent is heated to the boiling point in the 
^ Zeitsch. anal. Chem., 23, 368. 
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boiling flask A. The vapours are conducted through the tube, the 
lower end of which terminates just below the cork, into D, whence 
they pasg into a reflux condenser (only the lower end of which is 
shown in the figure), and the condensed liquid falls back into D. From 
the lower end of the thistle funnel D it is delivered into the flask B 
• containing the liquid to be extracted, rises dr»^p by drop to the surface 
and, charged witl? tl!e extracted substance, flows back into A through 
the sidj liubulure in^he neck of B. Cj and C 2 are mercury seals. 

• Fig. 10 represents a universal extraction apparatus devised by 
Gadamer.^ The tube a is connected with the boiling flask, whilst 
the reflux condenser is attached to the tube at h. The condensed 
liquid falls through c and d to the lower end of the spiral tube c 
containing the liquid to be extracted, through which it percolates in 
a long column. At the beginning of the extraction the tap /is closed, 
and mercury introduced through c until it reaches the opening from 
d into c, so raising the level of the liquid to be extracted above this 
opening. If solvents arc to be used which are heavier than the 
liquid to be extracted (e.g. chloroform) the apparatus is reversed, a 
closed with a stopper, h connected with the boiling flask, and g with 
the condenser. For details of the construction of other types of 
extraction apparatus lefcrence may be made to the sections on the 
subject in the Zeitschrif t fiir analijlisclie Chemic, e.g. 41, 691 el seq. 
Partheil’s apparatus, for example, is particularly effective.^ 

It is unnecessary to deal more fully here with the extraction of 
solid substances, which is of importance in quantitative analysis. 
It is described in the introduction to quantitative analysis. 

Separation of Volatile from Non-volatile Substances, 

Q’he processes used for the separation of volatile substances from 
those which are non-volatile or only slightly volatile are evaf oration, 
distillation, ignition, and suhlimalion. The first two are always 
concerned with liquids, and the others with solid substances. 

Sec. 11. 

9. Evaporation. 

This process is one of those most frequently used in analytical 
'chemistry. • 

It is invariably chosen when it is desired to evaporate completely 

‘ Archiv. d. Pharm., 237, 68 ; Zeitsch. anal. Chem., 41, 693. 

* Zeitsch, Vntcrsvoh, Nahr. Qenussm., 5, 1049 ; Zeitsch, anal, CAe»».^42, 127. 
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or partially a volatile liquid, the escaping vapour from which it is 
not of importance to recover. 

For example, liquids, such as the washings from a precipitate, 
are evaporated to ascertain whether they contain in solution soluble 
non-volatile substances ; or the solvent is completely expelled from 
solutions, when it is a question of obtaining the dissolved substances ^ 
in solid or bquid form ; or only a part of the sftlV^ent is evaporated 
when the concentration of a solution is required {e.g. for the 
crystallisation of a dissolved substance). • 

It is also a common practice to remove volatile substances {e.g. 
carbon dioxide, ammonia, hydrogen chloride) from aqqpous solutions, 
by the simultaneous evaporation of part of the water (which is sub- 
sequently replaced when it is desired to keep the concentration the 
same in other respects). 

Evajmaiion consists, as its name indicates, in the conversion of 
the liquid into vapour. In the majority of cases tJiis is effected by 
heating, either to boiling point or even to a temperature below the 
boiling point. 

Exposure to the air or in a closed vessel from which the vapours 
are continually removed (e.g. by suction or by absorbent substances) 
may also be used for evaporating liquids. Even if heat is not used 
for the purpose the process is known as evaporation. Agents used 
for the absorption of the vapour formed on evaporating aqueous 
solutions include concentrated sulphuric acid, calcium chloride, 
phosphorus pentoxide, etc. 

Evaporation by heat is usually carried out either in basins of 
porcelain or platinum, or (when it is only a question of increasing the 
concentration) in glass vessels, especially boiling flasks, and unless 
there are reasons against it, the liquid is preferably heated to its 
boiling point. When boiling flasks are used the removal of the vapour 
may be accelerated by blowing a current of air through the vessel 
or by suction. A suitable current of air may be produced by using 
a retort with its neck inclined upwards and its tubulurc open. 

If in the use of basins for a long-continued evaporation there is 
a risk of the contents becoming contaminated by falling dust, etc., 
the basins should be covered over, but in such a manner that a space 
is left for the escape of vapour. A large glass funnel, which may be 
fixed in an inverted position over th3 basin by means of a clamp, is 
suitable for this purpose. It is fixed at ai^ angle so that drops of 
liquid condensing on its side can drop from its lowest point into a 
1 This is termed evaporation to dryness. 
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vessel placed beneath it. Still better results are obtained by the use of 
Victor Meyer’s protective funnel, which has its edges turn'ed inwards, 
as show^i in Fig. 11. 

Instead of a funnel a glass plate or clock glass may be fixed in 
an inclined position over the basin by means of a clamp. Larger 
basins may be covered by washed i filtef pap^’, which may be 
stretched across a double wooden hoop. This is clamped in a stand. 

This precaution«)f covering the basin is only essential in the case 
ftf the most accurate work ; it can usually be dispensed with if the 
evaporation is carried out in a dust-free place, preferably with the 
aid of suctioji, and in not too long a time. 

• Gas-burners are nearly always used for heating, a direct flame 
being applied beneath dishes, whilst wire gauze is placed between 
the flame and boiling flasks ; if a more 
regulated heat is required as, for example, 
in the case of evaporation to dryness, re- 
course is liad to water-baths, sand-baths, or 
iron or asbestos plates, which are heated 
with gas. Electrically heated plates, which 
can readily be maintained at constant tem- 
perature, arc particularly suitable for this 
purpose. Further particulars arc given in 
Sec. 19 (Heating apparatus). If it is a 
question of evaporation to remove inflam- 
mable organic solvents, such as alcohol, I'lo. 11. 

ether, petroleum spirit, or carbon bisulphide, 
care must be taken that the vapours arc not ignited by the heating 
flame. In such cases electrically-heated plates or a water-bath with 
a small flame are used, or simply a vessel filled with hot water in 
which is immersed the flask containing the solution to be evaporated. 
It is advisable not merely to evaporate very volatile substances, but 
also to distil them from a slightly heated water-bath (Sec. 12), 
and to close the receiver with a stopper through which passes a tube 
communicating with the air outside. 

If the temperature should exceed 100° in the course of evapora- 
tion to dryi^ess, spirting may easily occur through the formation 
of steam in the partially solidified residue. This may be prevented 
by stirring the mass with a gltss rod. 

^ To prevent the vapours, especially when they are acid, from dissolving 
from the pai)er compounds of iron, calcium, etc., which might then drop into 
the liquid. , 
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To prevent the temperature exceeding 100° water-baths are used. 
Fig. 12 represents a simple form of water-bath, and Fig. 13 a form in 
which the water is always kept at a constant level by means of the 
connection with the water supply a, and an o/erflow pipe h. 

Water-baths are provided with 
a series of copper or, better, porce- 
lain rings fittiiig into each other, 
so that the opening can "^bc made 
wider or narrower according to the 
circumference of the vessel to be 
heated. ^ 

A drawback in connection with 
evaporation is that porcelain dishes 
and glass vessels, the use of which 
can hardly be avoided in the 
evaporation of large quantities of 
licjuids, are somewliat attacked, so 
that the liquid in question becomes 
more or less contaminated, and 
this interferes with more accurate 
analysis. We mention this point, 
which will be dealt with more fully 
in connection with quantitative 
analysis, only to call attention to 
the fact that alkaline liquids .should not be evaporated in glass 
vessels, for at the boiling point they attack tlie glass to a consider- 
able extent. 

Hence specially resistant varieties of glass, such as the “ Jena 
apparatus glass, ’ which only have this drawback to a very slight 
extent, if at all, are now made for chemical work. 



Fi(i. i:{. 


8ec. 12. 

10. Distillation. 

If a volatile liquid is converted into the form of vapour, but 
again condensed to a liquid which is collected, the process is termed 
distillation. By this means, as by the process of evaporation, it is ' 
possible to separate substances ofbdiSerent volatility from one 
another. Except in cases where the process is used to recover a 
volatile substance, distillation is used for the purpose of separating 
a very inflammable volatile liquid, e.g. ether, from a solution, so as 
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to avoid the risk of igniting the vapours incurred in a simple evapora- 



t’ln. It. 

tion. The apparatus required for carrying o\it a distillation consists 
firstly of a vessel in whicli 
the liquid is to be trans- 
formed into vapour {usually 
by heat), then of a connec- 
tion in which the vapour is 
cooled and so condensed to 
liquid, and thirdly of a col- 
lecting vessel (receiver) for 
tliis liquid, known as the 
distillate. 

Fig. 14 represents one 
of the commonest forms of 
laboratory distillation a])- 
paratus. 

Fig. 15 represents an 
apparatus, the distillation 
flask of which has a ther- 
mometer introduced into its 
neck. Sincc^ the vapours 
escaping from the boiling 
liquid sweep round the ther- 
mometer bulb, the boiling 
point of the liquid is shown. This temperature frequently affords a 
means of identifying a substance. , 




54 


GEmRAL CHEMICAL PRINCIPLES 


ni. I 


If several volatile substances are present in a liquid, it is, in many 
cases, impossible to separate the different individuals in accordance 
with their different volatility by means of distillation, since jvith the 
rise in the boiling temperature the vapours of the more volatile 
substances become mixed with those of the less volatile substances. 
The so-called fraUional distillation {i.e. the separate collection of 
fractions distilling within definite limits of temperature, and their 
repeated redistillation), altliough it does not «ffcct a completely 
quantitative separation, yet enables quite pure fractions to be 
obtained. 

Inasmuch as fractional distillation is hardly ever uf^d in qualita- 
tive analysis in the restricted sense in which it is dealt with in this 
book, but is mainly employed in the investigation of organic sub- 
stances, with which we are not concerned here, a more detailed 
description of the process and an outline of the particular cases to 
which it is applicable are omitted. 

Distillation is the process by means of which spring water or tap 
water, which invariably contains a more or less considerable quantity 
of dissolved substances (calcium, magnesium, sodium, carbonate, 
sulphate, chlorine ions, etc.), is freed from these for analytical purposes. 
For the preparation of distilled water in considerable quantities 
copper distillation vessels are used with cooling worms of pure tin. 
If the condensing tube is made of cop2)er the water may easily be 
contaminated with that metal. It is beat to keep distilled water in 
stoneware jars, and it must be protected from the influence of the 
laboratory air, from which it can readily absorb acid or ammoniacal 
vapours.i It is, therefore, advisable to make a routine practice of 
testing the purity of distilled water, in order to discover possible 
faults in the condensing worm. The durability of the latter is 
considerably increased by twisting strips of zinc round it, since these 
form a galvanic j)rotection against the action of the cooling water. 
Smaller quantities of distilled water are prepared in glass flasks, but 
it is advisable to use a condenser of resistant (e.g. Jena) glass. 

Sec. 13. 

11. Ignition. « 

If it is required to remove from solid substances their volatile 
constituents, the same means as descried in the case of evaporation 

^ The distilled water in washing-bottles invariably contains carbon dioxide 
derived from the bubbles of air breathed into it, and it is nocessaiy to remember 
this in ceytain cases. 
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may be used to convert them into the form of vapour. As a rule a 
degree of heat varying with the volatility of the substance to bo 
removed is applied, and the process may be described as gentle 
heating, heating (e,g. in drying), or ignition. 

Thus carbon dioxide may be expelled from calcium carbonate 
• (kilning of lime) and water from calcium hy^ oxide by ignition, and 
ammonium salts tnay be removed in the same way from a mixture 
of salts which contains them. 

• In addition to being ignited for this purpose, substances are also 
sometimes ignited to change their condition without causing them 
to volatilise, as, for example, in the conversion of a loose clay readily 
8(iluble in sufphurin acid into a hard baked mass less soluble in 
sulphuric acid. Lastly, in analytical work the substance under 
examination is often ignited, so as to obtain data from its 
behaviour at the ignition temperature for conclusions as to its 
general nature, its resistance to heat, its fusibility, or the presence or 
absence of orgaiiic substances, etc. 

Crticiblcs are the vessels ordinarily used for ignition. For 
analytical purposes smaller crucibles or small flat dishes (crucible 
lids) of porcelain, platinum, silver, iron, quartz glass, or glass tubes 
fused together at one end are used according to the conditions. 
These are heated over a strong gas flame or sometimes over a blow- 
pipe flame, or in many cases in an electric oven. 

For details as to tlio methods of using crucibles, see the end of 
Sec. 15, pp. 58 and 51), and with reference to the heating, see Sec. 19. 

Sec. 14. 

12. Sublimation. 

When solid substances are converted, by heating, into vapours 
which are then condensed again by cooling, the process is termed 
sublimation, and the volatilised and recondenscd substance a 
suhlimcUe. Whether a substance melts when heated and then, as 
the temperature rises, boils (or distils), or whether it sublimes without 
melting, depends upon whether its vapour pressure even at a tem- 
perature below its melting point is equal to the atmospheric pressure 
(when it sublimes) or whether it is not equal to it until after the 
melting point has been passed (when it melts and distils). In 
practice, however, it is usuaf also to speak of sublimation when the 
condensed substance' solidifies again at the ordinary temperature. 
Thus, for example, sulphur when heated first melts and then distils, 
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and solidifies again on cooling to the ordinary temperature. If the 
experiment is tried on a small scale a sublimate is obtained in which 
the minute drops first formed may still be plainly observed. 

As a rule sublimation is used for the separation of different 
volatile substances. In analysis it is of the greatest importance for 
the identificatioi^ of m^ny substances, e.g. arsenic. The form of 
sublimation vessels varies widely according to A# volatility of the 
substance. Sublimation for analytical purposes js, as a rule,* effected 
in a small glass tube closed by fusion only at one end. When th"; 
sublimation is to be carried out in a current of hydrogen or carbon 
dioxide, a tube open at both ends, and usually constricted beyond 
the place to be heated, is used, into which the substance to be sub- 
limed is introduced either directly or in a platinum or porcelain 
boat. 

Sec. 15. 

13. Melting, Decomposition, and Explosive Fusion. 

By melting is understood the conversion of a substance into the 
fluid condition under the influence of heat. It is a property of 
every substance at a definite temperature, and its determination 
may be used for the recognition or identification of the substance. 

The test is frequently employed, especially in the case of organic 
substances. The usual method is to place a small quantity of the 
substance in a narrow glass tube drawn out to a still finer tube, the 
bottom of which is closed by fusion. This is attached by means of 
a narrow rubber band to a thermometer in such a way that the part 
containing the substance under examination is at the same level as 
the mercury bulb. Both are immersed in a suitable bath and heated 
together, and the reading of the thermometer is taken at the moment 
when the substance is seen to melt in the narrow tube. For other 
methods of determining the melting point reference may be made to 
the ZeUschrift fur analytische Chemie. The presence of foreign 
bodies usually lowers the melting point of a substance (cf. p. 30). 

If a solid substance is introduced into a melted one, or if a mixture 
of two or more substances is heated until one of them melts, reactions 
may take place between the now fluid substance and that which has 
not yet melted at the temperature reached, as described in Sec. 3 » 
i.e. in so far as there is any action at all, there may either be simple 
solution or a chemical reaction accompanied by solution. Instances 
of the first process are to be found in the melting together of fats or 
resins, and also of metals (in which case chemical compounds are, of 



SEC. 15 


MELTING, DECOMPOSITION, ETC. 


57 


course, frequently formed) ; whilst examples of the latter process 
are afforded by the fusion of barium sulphate with sodium carbonate. 
This is the form in which the process is mainly used for analytical 
purposes. 

When substances which are insoluble or dissolve with difficulty 
in water and acids are altered or decompo!^i\l byjusion with other 
substances in suBh«a way that they, or rather the new compounds 
producefl, are rendered soluble in water or acids, the process is termed 
(k'composition. 

Substances for the analysis of which the process of decomposition 
is particularly necessary, include the sulphates of the alkaline earth 
n\etals, many silicates, and many aluminium compounds. The 
ordinary fusion agent is sodium carbonate or potassium carbonate, 
or better still, a mixture of the two in the proportion of their mole- 
cular weights, which melts more readily than the separate alkali 
carbonates. In certain cases barium hydroxide may be used in place 
of alkali carbonate. Potassium hydrogen sulphate, or sodium 
hydrogen sulphate, is also frequently employed for the decom- 
position of ignited oxides, etc. In the case of these two latter fusion 
agents the temperature must not be raised too high, for their action 
depends upon the fact that they decompose into neutral alkali 
sulphate and free sulphuric acid. The latter thus acts more effec- 
tively at this higher temperature than if the substance were boiled 
with concentrated sulphuric acid. But if the temperature is raised 
beyond the point at which even slight white fumes of sulphuric acid 
are visible, the sulphuric acid escapes, and the fused mass loses its 
most active constituent. Hence the heating is continued for a long 
time, but only at a temperature sufficient to keep the mixture fused, 
and the crucible is kept covered. i 

Metals and the residues left on dissolving metals in nitric acid 
are frequently fused with a mixture of sodium carbonate and sulphur, 
or with the “ liver of sulphur,” prepared by the previous fusion of 
these two substances. The process is preferably carried out in a 
porcelain crucible, which to prevent loss of sulphur is kept covered. 

When it is desired in the process of fusion or decomposition to 
effect simultaneous reduction or oxidation (c/. Sec. 16), substances 
are used as t'he fusion agents or are mixed with the fused mass, 
which are capable of absorbing oxygen (potassium cyanide, sodium 

^ If tho mass has been !^eated too strongly before decomposition is complete, 
it may be allowed to cool, strong sulphuric acid added so that hydrosulphate is 
again formed, and the heating rer^oo+o^ 
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formate, etc.) or of liberating it. Of the latter special mention may 
be made of alkali nitrates, chlorates, ferroxides, persulphatcs, and 
percarbonates. When they are used the reaction may be intensified 
almost to an explosive degree. This is known as “ explosive'fusion.” 

The aim of this form of fusion is either to obtain the oxidation 
product (as, for example; when arsenic sulphide is fused with potas- 
sium nitrate to obtain potassium arsenate), or iWsRised as a means 
of proving the pre.senec or absence of a substance (as wiicn, for 
example, a test for nitrates or chlorates is applied, by observing 
whether the substance under examination beliaves explosively when 
fused with potassium cyanide, etc.). In the first case the absolutely 
dry mixture of the substance and the explosive agent^s introducqcl 
little by little into a red-hot crucible. For the latter kind of tests 
only small quantities should be used, preferably on thin iron or 
platinum foil or in a small metal spoon. 

In analytical processes fusion and decomposition is carried out, 
according to the conditions, in crucibles of platinum, silver, or nickel, 
which are fixed in a triangle resting on the ring of a suitable stand 
over a gas, spirit, or petrol lamp (see Sec. 19). Fusions on a smaller 
scale are also frequently carried out in a small glass tube closed by 
fusion at one end. With regard to bead reactions, see 8ec. 21. 

The choice of the crucible to be used depends upon the nature of 
the substance to be fused. 

Platinum crucibles are for most purposes the most resistant. In 
the cases mentioned below, in which they cannot be used, porcelain 
crucibles are usually employed, but have the disadvantage that 
allowance has to be made for their glazed surface being attacked to 
a certain extent by the fusion agents. Alkali hydroxides and 
peroxides have a very pronounced action upon porcelain crucibles, 
and crucibles of nickel or iron (or silver in the case of alkali 
hydroxides) must be used with these fusion agents. Silver crucibles 
will not stand being heated to a high temperature. 

Different forms of triangles are used according to the nature of 
the crucible material. Porcelain, nickel, iron, and silver i crucibles 
may be fixed in a triangle of iron wire ; platinum crucibles will 
be attacked by the iron. In such cases platinum wire triangles 
(Fig. 16) are used, or iron triangles with platinum poihts projecting 
inwards on each of the sides ; 2 or tr^ngles, the side wires of which 

^ Silver crucibles must not be placed in platinuin triangles, or an alloy will 
be formed. 

* Zeitsch. ami Chem., 39, 661. 
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are passed through small tubes of biscuit porcelain (clay pipe stems) 
or of quartz glass. If these small tubes are too thick they prevent 
the free access of the flame to the crucible ; this drawback is 
obviated in the form of pipeclay triangle 
shown in Fig. 17. 

Decompositions with alkali carbonates, (f> 
with barium hycfrcftide, or alkali hydrosul- 
phatcs afe carried oijt in platinum crucibles.^ 

• A brief outline may be given here of 
certain precautionary rules to be followed to 
protect platiijum vessels from injury. No 
substances which emit chlorine 2 must be Fia. lo. 

treated in platinum vessels. Alkali nitrates,^ 
hydroxides or cyanides, metals and sulphides must not be fused 
in them, nor must they be used for the ignition of readily re- 
ducible metallic oxides, salts of heavy metals with organic acids, 
and phosphates in the presence of organic compounds. Lastly, 
platiniim crucibles are injured by being heated in a luminous and 
therefore smoky flame. This renders the jjlatinum soft and brittle 
through the formation of platinum carbide. Moreover, care must be 
taken that a platinum crucible 
which has been brought to white 
heat over a blow-pipe flame is 
not suddenly exposed to a blast 
of cold air by rapidly cutting olT 
the gas su])ply, or it Jiiay easily 
become slightly cracked. Dirty 
platinum crucibles may be cleaned 
with moist sea sand, the granules 
of which are rounded and do 
not scratch. If spots are left 
which cannot be removed in this 
way, potassium hydros ulphate or 
borax is fused in the crucibles, the mass boiled with water, and the 
crucibles again polished with sand. 

^ Platinum 4s somewliat attacked in fusions with alkali carbonates, so that 
small quantities of the latter may be found in the fused mass (L. L. de Koninck, 
Zeitsch. ami. Chem., 18, 669). « 

* Hence, e.g. fused masses which contain nitrates must not be dissolved out 
of the crucible with hydrochloric acid, but must be soaked in water and separated 
from the crucible before being treated with acid. 

* Wljen they are not mixed with a corresponding quantity of alkali carbonate* 
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Cold fused masses may be detached from platinum crucibles 
either by making the crucible red-hot and placing it on a thick cold 
iron plate (when cold, the mass usually separates cleanly from the 
platinum, although the crucible may readily be injured in this way), 
or after complete cooling the crucible is again heated until the edge 
of the fused mass*again^egins to melt, once more cooled, and, after 
the addition of sufficient water to cover the maiSis Completely, again 
heated over a flame. If the crucible is free fr^m rough pdints the 
fused mass will now dissolve cleanly from the interior of the crucible/ 
It is not advisable to loosen the fused mass by pressing the sides of 
the crucible. 

Sec. 16. . 

14. Oxidation and Reduction. 

By oxidation in the more restricted sense is understood the 
combination of a substance with oxygen ; by reduction the reverse 
process, the separation of a substance previously combined with 
oxygen from this combination. 

The combustion of carbon (charcoal) to form carbon dioxide, of 
hydrogen to form water, and the formation of lead oxide by heating 
metallic lead in the air are oxidatioxi processes, whilst the separation 
of mercury on heating mercury oxide is a reduction process. 

In many cases both these processes take place simultaneously. 
When iron ore (ferric oxide) is heated with carbon (charcoal) the iron 
oxide is reduced to metallic iron, whilst the carbon is oxidised to 
carbon monoxide or dioxide. In this case the carbon is termed the 
reducing agent (which is itself oxidised) and the iron oxide is the 
oxidising agent (which itself undergoes reduction). 

In a vnder sense the terms are also applied to analogous pro- 
cesses, the combination of a metal with chlorine or with acid radicles 
in general, for example, being described as oxidation, and the separa- 
tion of a metal from such a combination as reduction. 

According to this the precipitation of a copper from a cupric 
sulphate solution by metallic zinc is to be regarded as analogous to 
the ignition of iron oxide with carbon. The zinc acts as a reducing 
agent, and is oxidised to zinc sulphate, the copper sulphate as an 
oxidising agent, and is reduced to copper. * 

Since, as was explained above (p. 2i), it is a matter of indifference 
which anion is present in such processes, one can also say here that 
metallic zinc is the reducing agent (being oxidised to zinc ion), and 
1 Stockmann, Zeiisch. anal Chem., 15, 283. 
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that the cupric ion is the oxidising agent (being reduced to metallic 
copper). 

In all the examples cited above the oxidation may be represented 
as a manifestation of the previously unexercised valencies of a metal 
or in general of an electropositive substance, through its combination 
with an electronegative one (oxygen, acid^r?diclt«), or through its 
conversion into ftie* cation condition ; whilst the reduction may be 
represented as the »eparation of tlie electropositive substance from 
flic combined (cation) condition in an elementary form. 

If an electropositive substance forms a series of compounds in 
which it is pr'isent with different valency, the conversion of the lower 
sfates of valency into the higher is an oxidation process, and the 
conversion of the higher into the lower state a reduction process. 

When ferrous oxide is converted by ignition with oxygen into 
ferric oxide, there is undoubtedly an oxidation process in the strictest 
sense ; 

2Fe0-l-0=Fe203. 

Hence by analogy the reaction of the conversion of ferrous 
chloride into ferric chloride, 2FeCl2-l-Cl2— 2FeCl3, is also an oxidation 
process. 

Expressed as an ion formula this process may be represented as 
2Fe''-f CI2— 2Fc‘'’-{-2Cr, i.e, the ferrous ion is oxidised to ferric ion, 
while a new cation charge is given to it. The oxidising agent chlorine 
is reduced, while it changes its condition from that of an element 
into that of an anion. 

If, on the other hand, stannous chloride is made to act upon 
ferric chloride, the latter is reduced to ferrous chloride, whilst the 
former is oxidised to stannic chloride : 

2FcCl3-l-SnCl2=2FeCl2-l-SnCl4, or 2Fe’ ** • -f Sn' " 

The oxidation here consists in the formation of cation, i.c. the 
increase in the cation charge of the tin, whilst the reduction consists 
in the discharging of the ferric cation to leave ferrous cation. 

If, in the oxidation of ferrous chloride to ferric chloride, elementary 
chlorine has an oxidising action, in which it is reduced to chlorine 
anion, its action upon,e.^. potassium iodide, in which it is also reduced 
to the anion* condition while liberating free iodine, must also be an 
oxidising action : ^ 

2KI+Cl2r=2KCl‘f I2, or 2r+Cl2=l2+2CT. 

In this case, then, the oxidation is a discharge of an anion, and 
the reduction the formation of an anion. 
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Speaking generally, therefore, the following statements may be 
made : An electropositive substance (e.g. hydrogen or a metal) is 
oxidised (acting for its part as a reducing agent) when it exerts its 
valency (when, in aqueous solution, it forms anions). It is reduced 
when it is separated frogi a compound (when, in aqueous solution, its 
cations are discharged). 

An electronegative substance (oxygen, chlormet acid radicle) has 
an oxidising action (is itself reduced) when it^ exerts its valencies 
(when, in aqueous solution, it forms anions). It is oxidised (has*a 
reducing action) when it is liberated from its compounds—when its 
anions are discharged. • 

As was pointed out on p. 31, the metals may be arranged in hn 
order of tension in the sense that those which come first in the series 
invariably precipitate from their compounds those which follow. 
This is a consequence of the differences in the degree of electro- 
affinity ; the less “ noble,” more positive metal always acts as a 
red\icmg agent upon the compounds of the more “ noble,” less 
positive metals. Thus, for example, copper precipitates silver from 
silver solutions, but is itself precipitated from its solution by zinc. 

There is also a similar series in the case of electro-negative sub- 
stances in which the more strongly negative always has an oxidising 
influence on the more weakly negative, and forces it out of its com- 
binations. 

Thus chlorine liberates bfomine from bromides {i.e. oxidises them), 
whilst bromine has an oxidising action upon iodides, i.c. liberates 
iodine from them. 

Oxidation processes, however, may also follow such a course that 
a negative substance such as oxygen exerts its valencies upon a 
substance which otherwise has a negative action, e.g. sulphur, which 
is oxidised with the formation of sulphur dioxide, or, when more 
strongly oxidised, yields sulphur trioxide : 

Sd-0,-S02; 2S02+02=2S03. 

In this case sulphur has an electropositive action towards oxygen. 

Characteristic instances of this are the reduction of nitric acid to 
ammonia by hydrogen (zinc or iron with hydrochloric ^cid) : 

HNOs-fSH-NI^+SHgO. 

In this case the nitrogen in combination, with negative oxygen 
towards which it has a positive action) is liberated from that com- 
bination, and then combines with the positive hydrogen (towards 
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which it behaves as a substance with a negative action), and, in the 
widest sense of the term, oxidises it. 

The fact that oxidation and reduction processes are very fre- 
quently associated with the formation or discharge of ions affords 
an explanation of the well-known observation that a substance has 
a stronger action at the moment of liberlftion (in stain nascendi). 
The sejgarate ions* which have been liberated from the molecular 
combination, and have not yet reunited to form another molecule, 
tsan then be exceptionally active. Thus, in the example last mentioned 
the reduction is effected by the hydrogen in statu nascendi, whereas 
elementary hydrogen does not have this effect. The energetic 
cfxidising action of ozone (^.e. of the modification of oxygen con- 
taining three atoms in its molecule) is also obviously to be attributed 
to the fact tliat an atom is readily split off from the ozone molecule, 
and that the free atoms are able to exert their electropositive charac- 
teristics to a much more pronounced extent than when they are in 
combination in the molecule. 

Oxidation and reduction processes may play various parts in 
chemical reactions. 

Two dissolved substances may react with each other, and both pro- 
ducts of the reaction remain in solution, as e.g. in the case of the action 
of stannous chloride upon ferric chloride : 2FeCl34-SnCl2— 2FeCl2 
d SnCl^. Or one of the substances may be precipitated, as e,g. in 
the action of stannous chloride upon mercuric chloride, in which 
mercurous chloride is precipitated : 2HgCl2H-SnCl2=Hg2Cl2+SnCl4. 

Again, a solid substance may be dissolved, and the products 
of the reaction may then either remain in solution, as e.g. in the 
reduction of ferric chloride by zinc: Zn-l-2FeCl3=FeCl2+ZnCl2 ; 
or may be partially separated as a solid substance (as in the precipi- 
tation of copper by zinc) : Zn-[-CuS04=ZnS04+ Cu ; or may 
partially escape in the form of gas (e.g. as in the solution of zinc in 
acid) : Zn-|-H2S04~ZnS04d-H2. 

Or a gas may act upon a solution, as e.g. sulphur dioxide upon 
an acid chromate solution : 3S02-hH2Cr207=Cr2(S04)3-[-H20 (in 
this case everything remains in solution) ; or as in the case of 
the action of hydrogen sulphide upon ferric chloride : 2FeCl3-f-H2S 
=2FeCl2+2HCl4-S (in which case sulphur is expelled by the chlorine 
ion and is precipitated). • 

Two substances may also act upon one another in the fused 
cjondition (see p. 56 ). 

Solid substances may interact, as in the metallurgical separation 
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of metals by ignition with charcoal, whilst gases may act upon 
solids, upon liquids, and upon other gases, as in combustion, reduction 
in a current of hydrogen, etc. 

A description of the different methods used in carrying out 
oxidation and reduction processes may be omitted here, since they 
are dealt with ix coniSjction with all the other processes [cf. in ‘ 
particular, Sec. 15, p. 57 ; Secs. 20 and 21, 11^8 reactions, bead 
tests, blowpipe tests). « * 

It only remains to be mentioned that in accordance with the 
definition given above, whereby oxidation consists in the formation 
of cations, or the discharge of anions, an oxidation proc^pss invariably 
takes place in electrolysis at the positive pole, the anode, whilst 
there is a reduction process at the cathode, where cations are dis- 
charged or anions formed. In this case the two parts of the com- 
plementary process are spacially separated. Occasionally the 
oxidising or reducing action of electrolysis is used even in qualitative 
analysis. 

Sec. 17. 

15. Neutralisation, Determination of the Reaction of a 
Solution. 

Solutions of acids contain hydrogen ions. They have a sour 
taste, and dissolve metals, etc. Solutions of bases contain hydroxyl 
ions ; they are termed alkaline (because only the hydroxides of the 
alkali and alkahne earth metals are soluble in water to any material 
extent), they have a characteristic so-called soap-lye ^ taste, and 
when sufficiently concentrated have a corrosive action. 

If equivalent quantities of acids and bases {i.e, such as contain 
or can liberate corresponding quantities of hydrogen and hydroxyl 
ions) are made to react with each other, these hydrogen and hydroxyl 
ions combine to form water,^ and the acid radicles and metals present 
unite to form salts, or remain as anions or cations in solution. 

Such a salt or salt solution is neither acid nor alkaline ; it is there- 
fore termed neutral and the process of the reciprocal saturation of 
acid and base neutralisation.^ 

^ The name originated from the fact that solutions of alkali j;iydroxides are 
termed “ lyes,” as, for example, potash lye (KOH solution), soda lye (NaOH 
solution). 

* The solution then contains only as maJy hydrogen and hydroxyl ions as 
does pure water. These need not be taken into account in the following outline. 

• Neutralisation between acids and bases may also obviously occur when 
one of the two constituents is a solid, as e.g. in the interaction of solid calcium 
hydroxidg and hydrochloric acid, or of sohd tartaric acid and sodium hydroxide 
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The reaction takes place in this way when acids and bases of 
equal strength are brought into contact. 

But if a strong acid is made to act upon a weak base, or, on the 
other hand, a strong base upon a weak acid, hydrolysis, as described 
on pp. 27, 28, takes place ; i.e. notwithstanding the fact that the 
quantities of metal and acid radicle correspi^id, aud may also yield 
in solid form (e.§. hy evaporating the solution) a neutral salt, as 
defined Ai Sec. 19 ; ^yet if the solution contains more hydrogen or 
l^droxyl ions than does water, it will show an acid or alkaline 
character. It is, therefore, necessary to add a more or less con- 
siderable excess of the weak constituent to establish a condition of 
equilibrium, in which the solution contains no hydrogen or hydroxyl 
ions, i.e. is of neutral character as defined above. 

In analytical practice the acid, alkaliiui, or neutral condition of a 
solution is recognised by its behaviour towards certain colouring 
matters of natural occurrence obtained from plants, such as litmus 
or turmeric, or artificially prepared ones, such as methyl orange or 
phenolphthalein. These colouring matters are termed indicators, 
and the colorations which acid, alkaline, or neutral solutions give 
with them are termed the reaction of the solution. Hence a particular 
solution is said to have an acid, alkaline, or neutral reaction. 

In qualitative analysis indicators are used almost exclusively 
in the form of strijis of pajier, test papers, which are saturated with 
the particular colouring matter. This is moistened with the liquid 
under examination ^ (the test paper is dipped into it), and any change 
of colour noted. 

Litmus colouring matter is naturally blue, but is turned red by 
acids. Turmeric is yellow, and is changed to brown by alkaline 
liquids. Methyl orange is yellow, and becomes red with acids. 
rhenolphthaleii\ is colourless, and is changed to red by alkaline 
liquids, although it is again decolorised by very strong alkaline 
solutions. 

As a rule the only test }>aj)crs used are blue and red litmus paper 
(the latter being turned blue by alkaline .solutions) and yellow 
tin meric paper. 

The change of (colour in indicators depends upon the fact that 
the colouring I'natters in question arc acids, the ions of which are of a 

solution. An acid may also bo neutialised by the action of a carbonate, because 
the free carbonic acid liberated by the other acid is decomposed into water and 
carbon dioxide, which lattdt escapes. 

^ In testing alcoholic liquids the litmus paper must first bo moistened wth 
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different colour from that of the undisaociated acid molecules. In 
acid solutions their dissociation is prevented by the hydrogen ion 
concentration of the solution, and the colour is that of the un- 
dissociated molecule. In alkaline liquids the molecules of the 
colouring matter are dissociated, and the colour of the ions is mani- 
fested.i n 

The prevention of the dissociation {i.e. the, change of the ion 
coloration into that of the undissociated molecules) corresponds to a 
proportion of hydrogen ions in the liquid under examination, varying 
according to whether the indicator is a stronger or weaker acid. 

Thus methyl orange is a relatively strong acid. It is not sensitive 
towards weak acids (i.e. does not give a red coloration with then}). 
On the other hand, phenolphthalein is a weak acid, the dissociation 
of which is readily prevented. Hence the red colour of its ions 
disappears as soon as the solution contains more hydrogen ions than 
correspond to pure water. It is, therefore, sensitive towards weak 
acids. 

The difference between the two indicators becomes obvious, r.ff. 
in the neutralisation of j)hosphoric acid. When sodium hydroxide 
is added to an aqueous solution of j)hoHphoric acid a change of colour 
is indicated by methyl orange, if sodium dihydrogen phosphate, 
NaH2P04, is formed, whereas such a solution still shows an acid 
reaction towards phenolphthalein ; but if more sodium hydroxide 
is added the colour changes to red, as soon as the whole of the 
phosphate has been converted into disodinin hydrogen phospVvate, 

Conversely, methyl orange is sensitive towards weak bases, whilst 
phenolphthalein is insensitive. 

Litmus colouring matter occupies an intermediate position between 
methyl orange and phenolphthalein as regards its acid character, 
whilst turmeric colouring has about the same character as phenol- 
phthalein. 

A detailed description of these characteristics would be of 
relatively little importance in connection with qualitative analysis. 
This point will be dealt with more fully in connection with the 
volumetric processes of quantitative analysis, in which indicators 
play a very important part. • 

^ The disflociation into ions is accompa.iicd by an inner transformation in 
the colouring matter molecule, upon which the actu^ change of colour depends. 
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Sec. 18. 

16. The Generation and Use of Gases. 

The generation of a gas, i.e. the evolution of a gaseous substance, 
invariably takes place when a chemical reaction occurs in which 
a gas is produced, as, for example, h( tlie .decomposition of 
potassium chIoi%t«§ by heat into potassium chloride and oxygen : 
KOiOs^KCl+'^O ;^or in the solution of calcium carbonate in hydro- 
chloric acid, in which carbon dioxide is evolved : Ca003-1-2HC1 
— Ca(!l2+H20-fC02 ; or when in the solution of a gas the con- 
ditions (pressure or temperature) are so altered that the gas can no 
longer remain in solution, as e.g, in the reduction of pressure on 
opening a bottle of soda-water. 

This last case hardly ever occurs in analytical chemistry, except in 
connection with the separation of dissolved gases (carbon dioxide, 
hydrogen sulphide, etc.) from a liquid. This is nearly aways done 
by boiling the gas out of the li(piid. The evolution of gases in 
chemical reactions may afford the means of detecting the presence 
of substances which under definite conditions escape in gaseous 
form, and it is also of importance when a gas is to be used as a reagent 
and is prepared for that purpose. 

Obviously the process is essentially the same in each case, the 
only difference being that in the latter case it is carried out upon a 
somewhat larger scale. 

T\\e mc,t\\oda moftt empXoyed m tlae oi 

gases for analytical purposes are all based upon the action oi an acid 
upon a solid substance. For example, carbon dioxide is generated 
from marble and hydrochloric acid, hydrogen from zinc and sulphuric 
acid, hydrogen sulphide from iron sulphide and hydrochloric acid. 
We, therefore, restrict ourselves here to a description of these methods. 
Details of other methods of generating gases (e.g. the generation of 
hydrogen by heating sodium formate) will be given in the appropriate 
places. 

For the generation of gas from a solid substance and a liquid 
(almost invariably an acid), the apparatus almost exclusively used 
at the present time arc those with continuous action, i.e. those in 
which the current of gas is interrupted by using the pressure of the 
gas itself to separate the liquid from the solid substance, but in which, 
by simply turning a tap, gas may be withdrawn and the evolution of 
gas started again. 

An extraordinary number of methods of utilising this j)rinciple 
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have been devised, but only the very extensively used apparatus 
of Kipp, illustrated in Fig. 45 (Sec. 89), will be described here, and 
for details of other forms of apparatus reference may be made to the 
Zeitschrift fiir analytische Chemic. 

Kipp's apparatus consists of three globular vessels arranged one 
above the other. The lo^ est of these has a base upon which the whole 
apparatus stands, is provided with a side tubulure cloSed by a stopper, 
and is connected by means of a fairly long ne<;k with the'^middle 
bulb. The latter also has a tubulure in the upper part of its side,»> 
and the outlet tube for the gas is passed through the perforation in a 
stopper fixed in this opening. The long lower tube of the topmost 
bulb is inserted into a ground-in joint in the neck of the middle bulb. 
This long tube passes right through the middle bulb and extends to a 
considerable depth into the lowest bulb. The space between the 
tube and the neck, which separates the two lower bulbs, must be so 
narrow that no portions of the solid substance used in generating 
the gas can fall to the lowest part of the a])paratus. If necessary, 
this may be prevented by surrounding the tube with a strainer of 
acid-proof material. The middle bulb is charged with the solid 
generating substance through the side tubulure. The acid is then 
poured into the top bulb so that it fills the lowest and rises into the 
middle bulb. When it comes into contact with the solid substance 
the evolution of gas begins. Air is first expelled from the apparatus 
by means of the gas, and the latter may then be allowed to flow 
through the outlet tube in a current regulated by the tap. When 
the tap is closed the pressure of the gas drives the acid downwards 
and then through the central tube into the upper bulb. The heavy 
salt solution formed in the generation of the gas sinks to the bottom 
of the lowest bulb, so that until it reaches the bottom of the tube 
fresh acid is continually brought into contact with the solid substance. 
The salt solution is drawn off through the tubulure of the lowest 
bulb. 

Should it be necessary before using a gas to free it from entangled 
particles of liquid from the generator, or from moisture, or other gases 
present as impurities, it is made to pass through washing flasks 
containing suitable liquids. This has the further advantage (and 
this also applies to cases where the gas is not passed through absorbent 
liquids) that the strength of the ciirrenf^ of gas can be estimated from 
the number of gas bubbles. A simple form of washing flask is 
represented by c in Fig. 45. A double washing flask is shown in 
Fig. 18, in which an overflow of liquid from one direction, or a rushing 
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back of the washing liquid from the other direction is impossible. 
As a rule, concentrated sulphuric acid is used for drying a gas. 

The presence of foreign gases, which under certain conditions may 
interfere with the use of a gas, is due to the use of impure materials. 
Thus, for example, hydrogen sulphide (re^iovable by washing the 
gas with potassium permanga- 
nate solution) occurs in carbon 
dioxide when marWc containing 
•pyrites is used. 

Carbon dioxide is generated 
froju marljl'i and hydrochloric 
acid of sp. gr. VOf). Ihjdrogen 
is generated from zinc and sul- 
phuric. acid of sp. gr. 1T8. The 
use of too concentrated acid 
makes the liquid too hot, and may result in tfie formation of sul])hur 
dioxide, or under certain conditions, of hydrogen sulphhle. Hydro- 
gen is purified by washing it with solutions of sodium hydroxide 
permanganate and silver nitrate, through which the gas is made 
successively to pass. It is only under quite cxce])tional circum- 
stances that hydrogen is absolutely free from traces of arsenic. 
(For further particulars, sees 8ec. 89, 12, wliere also will bo found 
directions for overcoming the difficulty that absolutely pure zinc is 
very resistant to the action of dilute sulphuric acid.) 

When substances are to be heated in a current of hydrogen care 
must be taken that all the air has first been expelled from the 
generating ap])aratus and tubes. The gas is, therefore, allowed to 
e.scape for some time, and a test may then be made by collecting 




Fig. 19. 


some of it in a test tube and applying a light to ensure that it no 
longer consists of an explosive mixture. The safety tube devised 
by E. Freseniiis, and represented in Fig. 19, may also be used as a 
safeguard against a possible explosion of a gaseous mixture within 
the apparatus. This tube contains discs of wire gauze compressed 
between wads of cottpn wool. Its action is based on the principle 
of the Davy safety lanq). In order that it may be trustworthy it is 
essential that the wire gauze discs shall be exactly the sam^ size as 
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the inner diameter of the tube, so that no passage shall be left free 
for the explosion, and also that the layer of discs shall be of sufficient 
length (about 5 cm.). A strong caution must be given against the 
use of badly constructed safety tubes not complying with these 
conditions. 

The generatioii of hydrogen stdphide is particularly important in 
analytical work. ' ^ 

As a rule it is prepared from iron sulphide and hydrochloric acid 
(of sp. gr. r05). Since the iron sulphide and hydrochloric acief 
(which may be crude acid, i.c. not chemically pure) are never entirely 
free from arsenic, traces of hydrogen arsenide may be present in the 
hydrogen sulphide, and cause traces of arsenic sulphide to appear 
in the precipitates produced by the hydrogen sulphide. It is only 
in particularly delicate investigations, however, in which attention 
must be paid to the slightest trace of arsenic, that it is necessary to 
take this source of error into consideration. 

For such work the iron sulphide may be replaced by barium 
sulphide, prepared by igniting heavy spar with carbon, or by calcium 
sulphide, which may be obtained from gypsum and carbon. (See 
also, e,g. R. Fresenius, Zeitsch. anal. Chem., 26, 339 ; and Sec. 202, 3.) 

Hydrochloric acid containing a considerable amount of arsenic 
must not be used, since otherwise so much hydrogen arsenide will be 
present in the hydrogen sulphide that arsenic sulphide will be 
deposited in the tubes conducting the gas. Any considerable pro- 
portion of selenium in the hydrochloric acid may also produce 
abnormal results. The presence of selenium is indicated by the 
appearance of an orange-red precipitate in the generating flask. 

In larger analytical laboratories so jnuch hydrogen sulphide is 
required that the ordinary Kipp’s apparatus is not large enough for 
the purpose. Fig. 20 represents a form of apparatus devised by 
Brugnatelli, which, with certain modifications, has been used for 
many years with good results in the author’s laboratory. 

The flask B, which is provided with a tubulure o,^ has its neck filled 
with coarse fragments of glass, whilst small lumps of iron sulphide 
are introduced into its body. Through the rubber stopper are 
passed the tube s (which under certain conditions may be omitted, 
vide infra) and a short tube c, of at least 1 cm. in diameter, which is 
connected by means of a short piece of 'i’ubber tubing with the tube d 

' Flasks with a side tubulure, such as are frequently used as receivers, are 
also applicable for this purpose, as shown in Brugnatelli’ s original sketch 
(Zeitach. rnal. Chem., 6, 389), but arc less suitable. 
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passing through the stopper of the flask A. The tube c extends 
nearly to the bottom of A, and is connected at its other end with the 
flask M by means of the tube/, through the stopper of which passes 
a short glass tube open at each end. The stopper of the tubulure a 
of the flask B also has a tube attached by rubber tubing to the lead 
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tube which is provided with brass taps, h, b, i, i, through which the 
gas may be conveyed to different places. 

In using the apparatus the tap li is opened and a mixture of 
one volume of crude hydrochloric acid (as free from arsenic as possible) 
and two volumes of water is introduced into M. The liquid reaches 
A, and rises through ^ and c into the flask B. As soon as it has 
nearly filled the neck the tap h is closed, care being taken that M is 
then only about half full. On now opening the tap h and oi^e ol the 
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taps i, the acid rises up to the iron siiljihide in B, the evolution of 
hydrogen sulphide begins, and continues in a uniform manner, owing 
to the fact tliat the wide tubes c and d allow the heavy ferrous chloride 
solution to fall continuously, while fresh acid rises to the iron sulphide. 
To increase the amount of contact between the acid and iron sulphide 
one or more block's are placed below if, whereby the pressure of the 
liquid is augmented. The current of gas may Mitfe be regulated at 
will by raising or lowering the flask if, as llrugnatelli recoinmends, 
but when the ap])aratus is required for supplying the gas simul- 
taneously to different liquids, as is the case in large laboratories, the 
use of taps is necessary. 

If the apparatus is not to be used for some considerable time the 
flask M is ])laced at a lower level. The liquid then falls in B, and is 
no longer in contact with the iron sul])hide, so that the evolution of 
gas gradually ceases. If at this stage hydrogen sulphide is not 
dcveIoj)ed ra])idly enough to fill the space left by the liquid, air is 
drawn through the tube s. This tube (if used at all, rul“ infra) is 
preferably fairly long, to prevent liquid being forced out from it, 
when the hydrogen sulphide has to overcome the pressure of a higher 
column of liquid. Should any hydrogen sulphide still be developed 
from the moist iron sulphide after removal of the acid, the only result 
is that somewhat more acid flows from A to M. 

The tube s may be omitted when taps arc used. In that case 
the li(juid in B falls more slowly when M is placed in a lower position, 
because the space of the receding acid is then occupied by hydrogen 
sulphide ; but in the ab.sence of a tap the tube s is necessary to prevent 
the liquid into which the hydrogen sulphide is being introduced from 
being sucked back when M is placed in a lower position. Obviously 
this drawback is readily obviated when taps are used by closing h 
before lowering M. The gasdelivered fronii and us conducted through 
washing flasks, or in winter through U-tubes packed with cotton wool. 

When the acid is finally spent, M is placed at a lower level 
than A, and the taj) h (when the tube s is omitted) is 0})ened. The 
whole of the liquid then flows into M and can be poured away. 

If a Woulfe flask with three necks is used as the vessel A, a siphon 
tube with a pinchcock may be fixed in the third of these, and the 
ferrous chloride solution collecting at the bottom of the vessel be 
drawn off at intervals. In this case, yie lower limb of the tube e is 
made of such length that it only reaches halfway down into A, so 
that the acid flowing back into the flask docs not mix with ferrous 
chloride solution. 
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Other forms of large apparatus have been described by C. Winkler ^ 
and Kiistcr.- 

A large glass carboy of 50 to GO litres (acid carboy) has-been 
suggested by H. Lohndahl ^ and Wbhlk ^ as the vessel for equalising 
the pressure in the case of a])paratus delivering gas at several points, 
* Hydrogen sulpliide apparatus, especially^such .as used for the 
production of largf qftantities of gas, must be placed either in the open 
or in welf- ventilated fooms. The taps through which the supply of 
gas is drawn should be fixed within a fume cupboard, for hydrogen 
sulphide is not only an unpleasant gas, but if inhaled in the unddvled 
form may also immediately produce pronounced ofiects of poisoning. 
When carefully used, however, it is quite iimoc-uous. The hydrogen 
sul])hide is conducted through glass tubes into the liquid under 
examination, and care must be taken that the column of liquid is not 
higher than corresponds to the pressure within the generator. 

As a rule, a moderate current of gas is sullicient ; for, obviously, 
the unabsorbed portions have no action. Only in exceptional cases, 
which Avill be dealt with in their place, is a stronger current of gas 
necessary. To avoid tlie use of an excessive quantity of hydrogen 
sulphide Griibe recomnumds that the tube introducing the gas into 
the liquid under examination should be passed through a stopper 
(cork), vhich will fit the neck of the vessel containing the liquid. 
Gas is introduced, while the cork is placed loosely in the neck, until 
the air above tlie liquid has been expelled ; the cork is then fitted 
tightly into the neck, leaving the other end of the tube in free com- 
munication with the gas generator. In pro])ortion as the liquid 
absorbs the hydrogen sulphide above its surface more gas can enter 
into the flask. This suggestion, so far as we are aware, has not yet 
been widely ado])ted. 

In cases where only a small amount of hydrogen sulphide is 
required, a saturated solution of the gas in water is frequently used. 

This hydrogen sulphide water should be kept in closed flasks 
protected from the light.^ In the case of larger apparatus it is 

^ Zeiisch. mwl. Chem., 21, 386. Cf, also 11. Biltz, ibid., 46 , 1)9. 

^ J. nrakt. Chem. {N.F.), 48 , 696 ; Zeitscli. anal. Chem., 33, 684. 

® Zeitsch. anal. Chem,, 33, 64. * Ibid., 41 , 14, 

It is advisable to place the hydrogen sulphide water immediately after its 
preparation in small flasks with a capacity of about 200 c.c., to cork these tightly, 
and to place thorn cork downwards in a vessel filled with water to a height of 
about 10 cm., which is kept in the^lark. Otherwise hydrogen sulphide water 
decomposes with the formation of water and sulphuric acid, and the liberation 
of free sulphur. In doubtful cases it should bo noted whether the liquid still 
retains a strong odour of hydrogen sulphide and yields a large deposit of sulphur 
when treated with ferric chloride solution. 
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prepared by conducting the gas from the generator through washing 
flasks containing distilled water, or through sliallow vessels in which 
it passes over the surface of water and is kept in constant contact 
with it. By the use of a device for removing the saturated liquid 
and simultaneously svbstituting fresh distilled water, a supply of 
strong hydrogen^sulphide water is always available. [Cf. the diagram 
accompanying the description of Winkler an(f blister's generator, 
loc. cit. supra.) • 

Hydrogen sulphide is also used for the laboratory preparation 
of amvionium sulphide and sodium (or potassium) sidphidc. 

The former is prepared by saturating three pfyts of aqueous 
ammonia solution of sp. gr. 0'96 with hydrogen sulphide, and then 
adding two parts of anunonia solution. The resulting colourless 
liquid contains ammonium monosulphide, (NH 4 ) 2 S, together with 
some ammonium hydrogen sulphide, NH 4 SH. By the action of the 
air it becomes yellow, through the formation of polysulphide 

2(NH4)oS-f0+H20-(NH4)i,S2+2NH40H. 

Polysulphide is also obtained by treating ammonium monosulphidc 
with sulphur. 

An analogous method is used in the preparation of sodium (or 
potassium) sulphide, the alkali hydroxide solution being first 
saturated with hydrogen sulphide, and an equal (juantity of alkali 
hydroxide solution then added. 

Chlorine gas and chlorine water must also be prepared in the 
laboratory. 

Eighteen parts of coarse common salt are mixed with 15 parts 
of finely powdered manganese dioxide, which must be free from 
calcium carbonate, in a flask into which is then j)oured a com- 
pletely cold mixture of 45 parts of about 92 per cent, sulphuric 
acid of sp. gr. 1'830 to 1'833 and 21 parts of water. On shaking 
the flask a regular and continuous evolution of chlorine gas soon begins. 
If it slackens it can be intensified again by gently heating the flask. 
For the preparation of chlorine water the gas is passed first through 
a flask containing a little water and then into a flask filled with cold 
water until the latter is saturated. If chlorine water quite free from 
l^romine is required, the washing flask is changed after about half 
of the gas has been evolved, and th^subsequent gas conducted into 
a special flask filled with water. For the jireparation of chlorine 
absolutely free from hydrogen chloride, the gas is first passed 
throu^ a U-tube containing fragments of manganese dioxide, or, 
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as proposed by Hanipe, through an aqueous solution of potassium 
permanganate. 

Chlorine water must be kept in a cool place and protected from 
all light, since, without this precaution, it is soon completely decom- 
posed, i.e. is converted into hydrochloric acicj^ while oxygen (from 
*the decomposed water) is liberated. Smaller quantities for use in 
the laboratory are t)cst kept in a flask which is placed in a cardboard 
box to protect it from tlic light, or they may be kept in bottles of 
blick glass. 

Chlorine water must have a strong odour of chlorine, and when 
heated in a porcelain basin sliould evaporate completely. It should 
contain little, if any, free hydrochloric acid, so that when shaken with 
metallic mercury until the odour of chlorine disappears, it should yield 
a filtrate which is at most faintly acid. On shaking chlorine water 
with a little carbon bisulphide and finely divided zinc there should 
not be even a temporary brown-red coloration of the bisulphide 
(bromine). 

A small quantity of chlorine may be readily prepared by causing 
a mixture of equal parts of hydrochloric acid and water to act slowly 
and without the aid of heat in a special form of gas generator upon 
cubes pre])ared in accordance with Winkler's proposal, by kneading 
together one part of calcined gypsum and three parts of calcium 
chloride, until a moist friable mass is obtained.^ 

Sec. 19. 

17. Heating Apparatus, and especially Gas Burners. 

Gas burners are the most important of the appliances used for 
producing the heat required by numerous processes (evaporation, 
distillation, ignition, fusion, etc.) in analytical work. These are all 
constructed upon the principle devised by Bunsen, and are, therefore, 
briefly termed Bunsen burners. 

In many cases they may be replaced by electric heating appliances 
(hot plates, crucible furnaces, etc.), which are based upon the principle 
that the parts to be heated offer great resistance to the passage of 
an electric current. They have the advantage that, by a correspond- 
ing regulation of the current, the exact temperature desired may be 
rapidly attained and may be kept constant. 

For many purposes,, however, especially for the observation of 
flame tests and the effects of oxidation and reduction processes 
^ Zeitech. anal. Chem., 26, 362. 
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during heating, the use of heating appliances burning with a fianie is 
indispensable. 

If illuminating gas is not available, spirit or benzine lamps can 
be used for all purposes in the place of a Brnseu burner. Apart 
from the well-known, simple spirit-lamp and the Berzelius spirit-lamp 
with introductK)n of air, both of which are provided with a wick, 
these lamps depend on the vaporising of the spirit or benzine, and the 
burning of this gas in the same way as in a Eunsen burner.^ With 
regard to such lamps reference may be made to the Zeilsehrift fur 
analytischc Chemie. 

In the place of illuminating gas, water gas, blast furnace gas or 
air can be utilised ; tlu'se are conducted 
through benzine, benzene, and so on, 
and are thus charged with h)^drocarbon 
vapours (carbiuetted). 

Such gases can be burnt in Bunsen 
biu'ners, but the necessary quantity of 
air, corres])onding to the gas in ques- 
tion, must be carefully regulated, for 
Bunsen burners depend on the fact that 
the gas before going tlirougli the ])roCess 
of combustion is mixed with a (juantity 
of air scarcely sufficient for complete 
combustion. The effect of this is that 
the gas does not burn with a luminous 
flame at all, 

A Bunsen burner consists of the 
base ah (Big. 21), on which the block 
(originally square) cd rests, which on the 
one side has holes for the introduction of air, and on the other 
side has the indented tube for the introduction of the gas inserted 
into it. This passes inside the block cd into a vertical narrow tube, 
which projects slightly above cd. This is closed at the toj) with a 
disc, which is jirovided with three radial slots intersecting at an 
angle below 60° (in later models with a narrow round opening) for 
the outlet of the gas in a Bunsen burner. The block cd- has at the 
top a screw thread, into which the tube ef can be screwed. In this 

• 

* In many cases th(5 sulphur contained in illunpnating gas has a disturbing 
effect, and so evaporating liquids or fused masses which are to be tested for 
sulphur compounds may absorb sulphur from these compounds, unless they are 
protected from contact with the gases of the flame. 
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latter the air drawn in by the stream of gas through the side 
openings in cd mixes with gas entering -by the central tubes. 

Fig. 22 shows a Bunsen burner in which the openings for the 
introduction of air arc not in the square block, but in the cylindrical 
portion which rests on the base. The collar a can be screwed higher 
dr lower to regulate the amount of air. The^star gccc at the top 
serves as a supporlffot a sheet-iron chimney (indicated by dotted 
lines). * ^ 

iThe Bunsen principle can, of course, be carried out in various 
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forms, €.(]. in many burners the base has a central opening for the 
admission of air. For further particulars, see the ZeiUchrift filr 
analyfische CJiemie. 

Fig. 23 represents a form of burner devised by Teclu,^ in which 
the air supply is regulated by screwing up or down the horizontal 
plate which is just below the ft)wer conical portion of the mixing 
tube. The gas supply ca^ be regulated by turning the screw opposite 

^ ZriUcJi, anal. Chem.y 31, 430. 
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the tube for the introduction of gas, so that its conical end acts as a 
shutter. 

Various tops can be fixed to the tube according to requirements. 
In particular, the form marked b, which consists of two vertically 
intersecting slots, is much in use. 

In Bunsen l^urneA, when the flame is too low, that is to say, the 
supply of gas too small, it occasionally strikes €)ack into the tube 
(the lower gas outlet) so that it burns in th^ tube, whi(?h becomes 

heated. This can be ^e- 
vented by reducing the 
supply of air simultane- 
ously with that of the gas, 
which can be done in the 
burners shown in Figs. 22 
and 23. This trouble can 
also be }>rc vented by fixing 
a small wire netting over 
the. upi)er outlet of the 
burner. A constriction of 
the ui[)[)er end of the tube 
has the same effect,^ for 
which reason a compara- 
tively large amount of air 
can be admitted into the 
Teclu burners. 

If the lamps are to bo 
used for heating flasks, 
beakers, etc., such glass 
vessels should be placed 
on brass wire netting, thin 
sheet - iron, or asbestos 
boards. Crucibles and 
small dishes should be placed on triangles, 2 larger basins directly 
upon the ring of a tripod or stand. 

To derive the full advantage from a flame, it should be at such 
distance from the article to be heated that the full flame spreads 
round it. 

This can, for instance, be done in the manner shown in Fig. 24, 
where the lamp and the fork holding it is adjustable on the stand. 

^ Cf, Zeitsch. anal. Chem., 16 , 314 ; 29 , 676 . 

* For description of these, see Seo» 15, p. 69, 
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Otherwise the ring on the stand must be adjusted or, in the case of 
tripods, small blocks of wood placed under the burner. 

In particular, when in the case of ignition and fusion a higher 
temperature is to be reached than is obtainable by simple Bunsen 
or stronger Teclu burners,! bellows should be used, by means of 
•which the combustion of a greater quantity .;6f gas^is effected in a 
relatively small flamo by the addition of larger quantities of air, or 
appliance# such as the gas furnaces of W. Hempel - and H. Rossler,^ 
or,an electric crucible furnace. 

Apart 'from jnirposes of heating, gas burners are also used for 
producing flain^. reactions, as already mentioned. To understand 
them, a more detailed descrijd.ion of the flame of a Bunsen burner is 
necessary. 

\\"e are indebted to the physico-chemical investigations of the 
last ten years, and ])articularly to the work of F. 

Haber * and his pupils, for a comprehensive insight into 
the processes of the burning of a Bunsen burner. The 
main difference between the burning of gas in an ordinary 
burner and that in a Bunsen burner is that in the latter 
the necessary air is already to a certain degree mixed 
with it. 

In consequence two distinct combustions take place, 
one after leaving the burner and the second on the 
contact of the partly burnt gas with the outside air- 
If, in order to have accurately defined conditions, we Fio. 25. 
do as Haber did, and take into consideration the flame 
of a Teclu burner, to which a large amount of air is supplied, we find 
that the first combustion, represented by in the diagram Fig. 25, 
takes place in the bright green-coloured zone ; the breadth of this 
zone, which the gas passes in about()(X)l second, is only about 01 mm. 
Its position is determined by the s])eed of the gas and by the speed of 
transmission of combustion in the gas. 

If the burner is burning properly both velocities arc equal, the 
position of the zone acb therefore does not change ; it is a question 

* See Torquem burners, Ze.itsch. anal. Chetn., 20 , 108. As regards other 
burners with stronger action, see Zeitsch. ami. Ckem., generally. Reference 
may also be made to this journal for Micro-burners. 

• • Zdtsch. anal. Chem., 16 , 464 ; 48 , 404. 

» Ibid., 25 , 96 ; 32 , 693. 

♦ Thermodymmik kchniScher OasreaHiotien, p, 282 et seq. Miinchen, 1906 ; 
Zeitfch. 'physih. Chem., 68 , 726 ; 81 , 641, and in several other parts of the works 
mentioned. 
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of “ steady ” combustion. If the velocity of the gas is too small the 
combustion is transferred to the interior of the tube and the burner 
strikes back ; conversely, the flame may be blown out by a sudden 
. increase in the speed of the gas supply. Fluctuating burning is 
primarily due to the fact that in short burners there is frequently 
insufficient mixing of ^he gases, so that the two velocities previously* 
mentioned are not constant. • • 

The position of the exterior cone adb is determined b^ the fact 
that the atmospheric oxygen coming from outside is sufficient ito 
cause complete combustion to carbon dioxide and water vapour of 
the combustible gases coming from the interior. ^ 

In the zone ach, the inner cone, the air primarily mixed with the 
gas causes its combustion to a mixture of carbon monoxide, carbon 
dioxide, hydrogen, and water, which is diluted by the nitrogen of the 
air.i Tlie concentration of the individual constituents of this 
mixture depend upon the constant K in the equation 

CH2.CCO2 

the so-called water-gas equation. The equilibrium concentrations 
C for the individual constituents which are very quickly reached in 
passing through the inner cone, owing to the acceleration of the 
reaction which takes place there, remain fairly constant in the whole 
intermediate region (2) up to the outer cone. 

The temperatures in such a flame have recently been very accu- 
rately measured, and it has been shown that the temperature of 
the inner zone of combustion does not reach the degree calculated 
from the luminosity, but only about 1550°. The characteristic 
green, or with greater excess of air blue, colour of the inner zone is 
to be attributed to luminescence phenomena. The hottest part 
of the flame is immediately in front of the outer zone of combustion 
(1800°) ; from that point heating of the gases issuing from the 
inner combustion zone takes place by conduction and radiation, so 
that the layers of gas neare.st to the external zone of combustion 
are the hottest, Haber’s conclusions are ba.sed, as mentioned above, 
upon a Teclu burner with a plentiful supply of air, such as is also 
found, outside the laboratory, in the modern Welhach burner and in 
gas cooking apparatus. By regulating the supply of gas and air 

1 If oxygen is introduced instead of air, a portian of the heat of reaction is 
not utilised in heating the nitrogen, and the teufperatures in the flame become 
correspondingly higher. 
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different i^rocesses may be maintained in the ffame, which can be 
used for oxidation, reduction, fusion, and volatilisation purposes. 

Fig. 26 is a diagram of a Bunsen burner provided with a chimney 
and an adjustable air-su]jply. Bunsen has given an accurate descrip- 
tion of the characteristics of such a flame. Although his estimations 
• of the temperature conditions have been cOiTccted by Haber’s in- 
vestigatio 2 is, as akeaidy mentioned, his description of the different 
parts of the flame stiff holds good. 

, fl’hcre arc to be distinguished (1) the dark flame cone aaa'a', 


which contains the cold gas mixed with 
about 62 per cent, of atmospheric air ; 
(2) the flame mantle a'cab, which is formed 
by tlie burning gas mixed with air ; (3) 
the luminous point aha. This, however, 
is not shown by the noritial burner with 
0 })cn air-holes. If it is to be ])roduccd, as 
is necessary in reduction experiments, the 
air-holes are correspondingly regulated. 

In these three main ])ortions of the 
flame we distinguish, as did Bunsen, six 
reaction areas (Fig. 26), which were named 
))y him as follows : — 


1. The jia^m basis at a, which is of 
relatively low tem])eraturo, because the 
gas burning here is chilled by the cold air 
coming from below, whilst the burner 
tube also conducts heat away. This part i 
of the flame is frequently used for the / 
detection of readily vf)latilc substances J 
which colour tlic flame, in the presence of 


less volatile substances which also colour 


the flame, since at a relatively low tem- 


c 



FiU. 2(3. 


])erature only the former volatilise momentarily, and the resulting 
fugitive flame colorations appear distinctly and unmixed. 

2. The fusion arm. This is situated at j3, somewhat above the 
lower third of the entire height of the flame, equally distant from the 
outer and inner boundary of the flame mantle, which at this height 

^ has reached its maximum widtl^ It is used for testing the fusibility, 
volatility, and light radiation of substances, and for all fusion pro- 
cesses at a high temperature. 

3. The lower oxidation area is in the outermost part of thejfusion 


6 
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area at y, and is particularly suitable for the oxidation of oxides 
dissolved in glass fluxes. 

4. The upper oxidatmi area at c is formed by the upper non- 
luminous point of the flame. Its action is most powerful when the air- 
holes of the burner are fully opened. It is used for the removal of 
volatile oxidation products and for all oxidation processes for whichi 
a not very high temperature is required. 

5. The lower reduction area is at 8, ?.e. at the inner edge of the 
fusion area bordering on the dark flame con^. At this point ^le 
reducing gases arc still mixed with atmospheric oxygen, and therefore 
do not act with full reducing power, and so leave many substances 
unaltered which are reduced in the upper flame. This part of the 
flame is particularly suitable for reductions on carbon sticks (p. 88) 
and in glass fluxes. 

6. The upper reduction area is at in the luminous point which 
forms above tlie dark flame cone, when the air-holes are closed to 
the necessary extent. The restriction of the air-supply must not 
be carried so far that a test-tube filled with cold water and held in the 
luminous point becomes coated with soot. This part of the flame 
contains no free oxygen, is rich in separated incandescent carbon, 
and has, therefore, a much more pronounced reducing action than 
the lower reducing area. It is especially used for the reduction of 
metals, which arc to be collected in the form of dejmsits. lleduction 
and oxidation processes can best be carried out with the aid of such 
a gas flame, and by making use of the dillerent parts of the flame. 

The investigation of the behaviour of small quantities of solid 
substances in a flame, such as tests of their fusibility and volatility, 
the formation of sublimates, the »)bservation of the production of a 
flame coloration, as also the oxidation and reduction phenomena in 
the flame produced by them either alone or in admixture with fusion 
agents, as in the so-called bead reactions, was formerly (i.e, before 
the introduction of the Bunsen burner) carried out exclusively with 
the aid of a simple spirit lamp, the heat of which was intensified, 
when necessary, by blowing into it a current of air from a blowpipe, 
or by means of a luminous flame (candle, etc.) with the aid of the 
blowpipe. 

These tests in the dry way are frequently summarised under the 
name of blowpipe tests. They are still useful in their original form 
outside the laboratory for the rapid exammation of minerals. The 
use of gas burners, however, when available, is usually preferable. 
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Bunsen devised a process, described more fully below, in which the 
blowpipe was not used under any conditions. 

We, however, prefer to use the blowpipe for reduction reactions 
and certain reactions in the oxidising flame, i.e. for heating on 
charcoal, whilst in other cases, for tests in ignition tubes, flame and 
•bead reactions, we recommend the use of a gas flange. 

The value of lUicSe reactions in the dry way is that they give 
immediatf: results. wiay either consist in the determination 

oithe properties of the substance under examination, i.e. whether 
it resists the action of heat, is volatile, fusible, etc., or in the ap})ear- 
ance of phenomena which enable the particular substance to be 
immediately identified. Details of individual tests will be found in 
the outline of preliminary examination in Chapter II. 

Sf(\ 20. 

18. Flame Tests, Oxidation and Reduction Reactions in the 
Flame. Use of the Blowpipe. 

To observe the behaviour of substances as regards their fusibility, 
volatility, and ca])acity to form a sublimaO;, small 
(fl(m tubes are used. These are about 7 to 10 cm. 
long and 5 mm. in diameter, and are closed at oiui 
end by fusion, ^ They are prepared by heating the 
end of the tube in the blowpipe flaiiu', until the 
sides for the length of about 1 cui. have fused 
together, and then blowing giuitly into the tube, so 
as to form a bulb of about 8 mm. in diameter. 

Care must be taken that the walls of the small bulb 
are as uniform as possible ; tliose in which the 
glass is thicker in one place will easily cra(*k when 
subsequently used. 

The behaviour of the substance in the Ham(‘ 
itself is studied either by introducing it into the 
flame by means of a j)latinum wire or by heating 
it on charcoal in the blowpipe flame. 

The blouyipc (Fig. 27) is a small instrument 
usually made of brass or (rerman silver. It was 
first used by metal workers for soldering (by blowing 
the flame), whence its name. It consists of three separate parts, 

^ Cy. Part IL, Chapter III., “Notes on preliminary o.xamination,“ No.s. 1 
to 5, 
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firstly the tube ah, which may be provided with a mouthpiece of 
horn, through which air is blown from the mouth ; secondly, the 
small cylindrical vessel cd (into which ah is fixed with an air-tight 
joint), wliich serves as an air chamber and collects moisture ; and 
thirdly, the smaller '^ube f<j, fixed into cd at a right angle and 
terminating in a finely perforated platinum point, or, better, in a 
perforated platinum cap h, whicli can be screwed on air-ti^ht. The 
latter appliance, the details of which are shovti in Fig. 28, although 
somewhat more expensive, is very much more durable than fite 
forjuer. If in time the platinum caj) becomes stopped 
u]) it can usually be cleared again by igniWon. 

The length of the blowpipe must be such that in use 
the point is ])lainly visible ; it is usually 20 to 25 cm. 
The mouth])i('ce vaiF's in form. Some prefer one which 
is ])laced between the lips, and others a trumpct-sha])ed 
])iece against which the lips are ju'essed. Blowing with 
the latter is much easier, and this form is, therefore, 
usually chosen by those who do much work with the 
blow])ipe. 

The object of the blow])ipo is to drive a continuous 
fine stream of air into (usually) a luminous flame, Wheii 
the latter burns under normal conditions it will be seen 
to consist of three parts, which are similar, whether in a 
candle flame, as shown in Fig. 2!), or in a gas flame. 
There is firstly a dark core aa in the centre, then a luminous 
])ari (’j() surrounding it, and finally a faintly luminous zone 
hed which surrounds the whole flame. The gases which form the dark 
core cannot burn for lack of oxygen. Jn the luminous sphere these 
gases meet with insufficient air for their complete combustion. Hence 
it is mainly tlic hydrogen of the hydrocarbons vvdiich burns, while the 
carbon is separated in a glowing condition and causes the luminosity 
of this part of the flame. In the outer manth*., however, the supply 
of air is no longer restricted, so that there combustion takes place of 
all substances still unburnt. This part of the flame has the highest 
temperature, and the maximum heat is attained at the extreme point. 
When oxidisable substances are held in the point of the flame they 
are very rapidly oxidised, because the necessary conditions of high 
temperature and free access of air Ure jircsent. Hence the exterior, 
part of the flame is termed the oxidisiruf JlatBc.. If, on the other hand, 
oxidised substances which have a tendency to part with their oxygen 
are placed in the luminous part of the flame, the opposite conditions 
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Jiold good, i.e. tho substances lose their oxygen, which is taken from 
them by the car])on and still imburnt hydrocarbons in this zone, 
and are thereby reduced. The luminous part of the flame is therefore 
termed the mlucinfj jlam\ 

When a fine stream of air is introduced into a flame from the side 
* it first alters the form of the flame, wliich no loiig^n burns straight 
upwards, but lH'cilmes small 
and pointed in tlie direction to 
which it is deflected by the air 
current, and in the second place 
it caiisf^s conjbustion to take 
place not only in the outer zom^ 
of the flame, but also within it. 

Since this has the eft’ect of rais- 
ing the temperature of the flame 
consideral)ly, the ('xt I'cmely ener- ;]()_ 

gctic action of the blowpipe 

flame can be readily understood. The po.sition of the blowi)ipe 
and the manner of blowing mu.st be varied actsording to whether a 
reducinf] or oi'idisi))^ act ion is reejuired. 

The flame is produced cither by na'ans of candles, as mentioned 
above, or especially by means of small paratnn oil or wax lamps with 
wicks cut at an angle (these wax lamps Ix'ing heated over a spirit 
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lamp or gas flame until the wax melts, and is then kept fluid by the 
heat of their own flame), or a luminous gas flame may be obtained by 
burning the gas without admixtiire with air in a tube with a flattened 
top 1 cm. long and 1 J tc^ 2 mm. in breadth, which is cut at an angle, 
as shown in Figs. 30 and 31. Either special gas blow])ipe burners 
may be used, or a slightly narrower tube gh (Fig. 21, p. 76) ipay be 
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placed on the tube of an ordinary Bunsen burner, so as to close the air- 
holes. The use of gas burners has the advantage that the height of 
the flame can be regulated. A convenient method of keeping the 
blowpipe steady is to fix it upon a movable metal support, such as, 
e.g., the ring of a retort stand. 

The flame required for reduction is shown in Fig. 30, that for 
oxidation in Fig. 31. To produce the redudion flame the blowpipe is 
held in such a way that its point touches the edge of the flame (which 
must not be too low), and a moderate blast of air is blown into it. 
Under tliese conditions there is only an incomplete admixture of air 
with the gas, and between the inner bluish zone and tjie outer barely 
perceptible part of the flame there is left a luminous and reducing 
zone, the hottest point of which is a little in front of the ])oint of the 
inner cone of the flame. The oxidation flame is obtained by intro- 
ducing the point of the blowpipe a little further into the flame, which 
is kept lower than before, and blowing more strongly into it. This 
causes the air and gas to mix intimately, and there results an only 
slightly luminous flame cone, surrounded by a narrow pointed pale 
blue, barely perceptible, mantle. 

Blowing must be done only by means of the muscles of the 
cheeks, and not with the lungs. After a little experience it is not 
difficult to breathe with the cheeks distended, and, when once this 
can be done easily with the blowpipe betw’een the li])S, only a little 
practice is required to produce uninterruptedly a steady uniform 
flame. 

Instead of being blown with the mouth, the blowpipe may be 
attached to a gasometer or small rubber bellows or other constant 
source of air supply. 

Wood charcoal is the material upon which the substance to be 
te.sted in the blow])ipe flame is generally placed. 

The blowpipe is frequently used when it is required to reduce a 
metallic oxide or the like, or to test the fusibility of a substance. 
The material under examination is jdaced in a small shallow hollow 
scooped in the charcoal by a circular motion with a knife, metal tube 
(cork borer), etc., or the lowTr end of the blowpipe d (Fig. 27). If 
the hollow is made too deep the substance to be heated is not brought 
into proper contact with the flame. Metals which are volatile at 
the heat of the reducing flame votetilise partially or completely 
during the reduction. The metallic vapours a^e burned to oxide again 
on their way through the outer flame, and this is condens’ed round 
the n^terial being tested. When the condensation is pronounced 
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it is termed a deposit. Many deposits have characteristic colours, 
by means of which the metal can be recognised. 

Charcoal selected for this purpose must be well carbonised, since 
otherwise it will decre])itate and spoil the test. The charcoal of pine, 
^lime, or willow is much better than the charcjpal of harder kinds of 
wood yielding more ash. Smooth pieces are chosen, since parts 
containing knots (feerepitate when heated. The small blocks of wood 
for the charcoal are preferably sawn from mature, recently cut pine 
wood in rectangular pieces ; if dust is blown from the charcoal it 
will not soil the hands. Only those sides are used which show the 
annual growth tfings on edge, since on the other sides the fused mass 
will spread over the surface of the charcoal (Berzelius). Artificially 
prepared blocks made by compressing wood charcoal powder into 
suitable shapes arc now to be bought, and form a convenient, clean, 
and excellent substratum for blowpipe tests. Blocks of compressed 
charcoal, which, owing to the addition of nitre or the like, continue to 
glow by themselves, are unsuitable for the purpose. The character- 
istics which make wood charcoal so valuable as a substratum in 
blowpipe tests are as follows : (1) Its infusibility ; (2) its slight heat 
conductivity, wliich enables a substance to be heated more strongly 
on (diarcoal than on any other substratum ; (3) its porosity, which 
causes readily fusible substances, such as borax, sodium carbonate, 
etc. , to be absorbed, whilst infusible substances remain on the surface ; 
(4) the readiness with which it reduces oxidised substances, so that 
it assists the reduction of oxides by the inner blow])ipe flame. 

In testing the behaviour of substances in the flame of a Bunsen 
burner the material is introduced into the flame with the aid of a 
plalmum wire. 

Wire of about the thickness of thin )»iano wire is used for the 
purpose, one end being fused into a piece of glass tubing as a holder 
(see Fig. 33, p. 89), whilst the other end is bent into a small loop. 

In the case of fusible substances the end of the wire is heated 
and then dipped into the powdered material, so that it retains a 
certain proportion of the powder. In testing infusible substances 
the wire is moistened with water before being dipped into the powder, 
and the adhering mass slightly dried near the flame before being 
introduced into it. Decrepitating substances are first ground to as 
fine a powder as possible, then absorbed by a moistened strip of filter 
paper with an area of about 1 sq. cm., which is cautiously burned 
between two rings of fine platinum wire. The substance to b^ tested 
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is then left as a coherent crust, which can be introduced without 
difficulty into the flame. Liquids are tested by dipping the loop of 
platinum wire into them, and evaporating the adherent drop in the 
vicinity of the flanie without allowing it to boil. If platinum wire is 
attacked by the substance l)eing tested, an asbestos fibre, the thick- 
ness of which must not exceed a fourth of ' 
that of an ordinary mafeh, may be used. 

If substances are,^o be expos^ed to the 
flame for a longer time, a stand (Fig. 3£) 
is used. The sliding supports A and B 
can bo readily moved iip^nd down and 
sideways upon the rod. A has an arm a, 
upon which is rested the small glass tube 
into which the ])Iatinum wire is fused 
(Fig. 32), and also a holder for the glass 
tube h with the asbestos fibres d. B has 
an arm with a clanq) for holding the test- 
tube, which is to be heated for a consider- 
able time in a definite part of the flame. 
The uprights on the disc C at the top 
are supports for the glass tubes with 
platinum wires. 

Reduction tests in the flame of the 
Bunsen burner are made either with suit- 
able reducing agents in small thin-walled 
glass tubes, or by means of charcoal 
sticks. fThese charcoal stick reactions 
are a substitute for the blowpipe re- 
duction tests on charcoal.) They are 
prepared in accordance with Bunsen’s 
suggestion by melting an unweathered 
crystal of sodium carbonate in the flame, 
and smearing a wooden match-stick (with- 
out its head) for about three-quarters of 
its length with the resulting semi-solid 
mass. If the match is then slowly turned round and carbonised in 
the flame a crust of solid sodium carbonate is formed, which when 
it is heated in the fusion area of the iame melts and is absorbed by « 
the charcoal, A fragment of the substance inkier examination (about 
the size of a small millet seed) is made into a paste with fused 
sodiun^ carbonate and applied to the end of the charcoal stick, which 
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is to a certain extent prevented from burning away by its sodium 
carbonate glazing. The point is inserted into the oxidising flame 
until the mixture melts, and is then passed through a portion of 
the dark area of the flame into the opposite hottest part of the 
lower reduction area. The time for the redjiction test is indicated 
by the ebullition of the sodium carbonate. After a ‘few moments the 
test is intorrupted*'and the substance allowed to cool in the dark core 
of the flame. Finally, the end of the charcoal stick is scraped off 
afid ground up with water in an agate mortar, so as to obtain the 
reduced metal in small particles, which, after removal of the char- 
coal by wasliing by elutriation, may be submitted to further tests. 

Volatile elements capable of reduction frotu their compounds 
by means of hydrogen and (charcoal may be se])aratcd and « 
deposited in ebunentary fortn or as oxides upon porcelain. | 
The deposited mass is thick in the middle, whilst at the edges j 
it becomes a sort of “ bloom.” For further identification it | 
may be converted into iodide, sulphide, or other compound. j 
These reactions are so sensitive that they can fre(piently be | 
produced by 01 to 1 mgrm. j \ 

A metallic deposit is obtained by introducing a pinch of | 
the substance on an asbestos fliire into a not too extensive 
reducing flame, whilst with the other hand a thin-walled 
externally glazed ])orcelain basin, 11 to 12 cm. in diameter, , 
filled with cold water, is held above the asbestos fibre in & 

the upper reducing flame. The metal is thus separated Fig. 3;{. 
as a dull black or shining deposit. 

If, however, the porcelain dish is held in the upper oxidation area 
of the flame, deposits of oxides are obtained. In order to ensure 
their formation when the amount of material is very small, the size 
of the flame should bo correspondingly reduced. By breathing on 
the dish upon which the deposit of oxide has formed, and placing it 
in a wide-mouthed vessel, provided with a closely fitting stopper, 
and containing fuming hydriodic acid, together with some phos- 
phoric acid and melted phosphorus tri-iodide, the deposit of oxide 
is converted into iodide. Should the hydriodic acid have ceased to 
fume, owing to the withdrawal of water, this property may be 
restored to it by the addition of a little phosphorus pentoxide. By 
exposing the iodide deposit to » current of air containing ammonium 
sulphide and breathing vpon it from time to time, and finally removing 
the excess of ammonium sulphide by gently heating the porcelain 
dish, the iodide deposit is converted into a deposit of sulphi^Je. 
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When considerable quantities of reduction deposits are required 
for further tests the porcelain dish is replaced by a test-tube half full 
of water (D in Fig. 32 ). The fine asbestos fibres, with the substance 
attached, are then brought by means of the arm supporting the 
glass tube b into such ^ position, that they are level with the middle 
of the upper part of the reducing flame. The arm B is then moved, 
so that the bottom of the test-tube, which it supports, will be directly 
above the asbestos fibres d, and finally the burntr is placed t>elow the 
test-tube. The substance is now introduced into the reducing are$, 
and the metal deposit will be formed upon the bottom of the test- 
tube, in which some fragments of marble are placed to^irevent bump- 
ing when the water boils. By repeating the operation a deposit of 
any desired thickness may be obtained. 

Sec. 21 . 

19. Bead Tests in the Flame. 

The reactions obtained in fused glass fluxes constitute a special 
form of dry tests. If a salt of phosphoric acid (sodium ammonium 
hydrogen phosphate) or borax is fused in a loop of platinum wire 
(Fig. 33 , p. 89 ) (and for this purpose a somewhat thicker wire than 
is there described is preferable), a colourless bead is olitained, and 
this will dissolve metallic oxides or metallic salts, especially those of 
volatile acids to produce characteristic coloured fluxes. The colour 
of these frequently differs, according to whether the mixture was 
heated in the oxidising or reducing flame. Under certain conditions 
enamelled opaque beads are obtained or, in the case of silicates, such 
as are turbid through the separation of silicon dioxide. In making 
the test the loop of platinum wire is heated to redness and then 
dipped into the powdered phosphate or borax. Thci reagent partially 
melts and remains attached to the wire ; and when then heated in 
the flame, the phosphate froths and loses water and ammonia, and 
leaves a residue of sodium meta])hos])hate 

(NaNn4HP04=.-NH3-fH204-NaF03). 

The latter can combine directly with metallic oxides to form ortho- 
phosphates, as c.fj. Cu()4NaP()3::^^CuNaP04. In the case of salts 
of volatile acids the acid anhydride tseapes, and orthophosphate is » 
formed in the bead: (lo(N03)24NaP03=(loiN*aP044-N206. 

Borax on fusion loses its water. The dehydrated “ borax glass,” 
Na2B4t)7, can also combine directly with oxides or expel anhydrides 
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of volatile acids from their combination in salts, being itself con- 
verted into metaborates. Thus, for example ; 

CuO -f-Na2B407=Cu(B02)2+2NaB02, 
or CuC03-fNa2B407-Cu(B02)2+2NaB02+C02. 

•If gas is not available bead tests may also be made with the aid of a 
blowpipe and a sjlhiff lamp. 

Sec. 22. 

t 

20. Observation of Flame Coloration. Spectrum Analysis. 

The vapours of many substances emit, in the glowing condition, 
light of different colours. 

In the case of salts the colour usually depends upon the metal 
present, and is characteristic of it. There arc, however, also cases 
in which the vapours of different salts of the same metal are of 
different colours, as e.fj, in the case of the chlorine, bromine, and iodine 
compounds of copper. 

When a small (quantity of a volatile coni])ound of such a substance 
is introduciid into a non-luminous ffame, it is possible at once to draw 
a conclusion from the resulting flmyie coloration as to the nature of 
the substance ; in many cases this may be conclusive, whilst in others 
it affords a definite basis for further deductions. 

Thus, for exam])le, sodium compounds im])art a yellow coloration, 
potassium compouiids a violet, and lithium compounds a carmine-red 
coloration to the flame, fi'he flame of a Bunsen burner provided 
with a chimney is es])ccially suitable for such observations. {Cf. 
Figs. 22 and 20 , pp. 77 , 81 .) The substance to be tested is 
introduced by means of a small loop in a platinum wire fixed in a 
suitabh*. holder (Fig. 32 , ]>. 88 , or Fig. 34 ) into the fusion area of 
the gas flame. The salts of alkali and alkaline earth metals colour 
the flame to a pronounced extent. On com})aring the salts of the 
same metal it will be found that each salt, provided it is volatile at a 
high temperature, or at all events allows the metal to volatilise, 
differs only in the intensity of its coloration, the most volatile pro- 
ducing the greatest effect. Thus, for example, potassium chloride 
gives a more intense colour than potassium carbonate, and the latter 
a mor(i intense one than potassium silicate. In some cases the 
coloration of the flame may* be promoted or intensified by the 
addition of a substan«c which decom])oses the sparingly volatile 
compound. For example, in the case of silicates, which only contain 
a small percentage of potassium, that metal cannot be directly detected 
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by the flame test, but on the addition of a little gypsum the coloration 
is produced, owing to the fact that it results in the formation of 
calcium silicate and of sufficiently volatile potassium sulphate. 

But, since the colorations which different substances impart to 
the flame are someti^nes very similar, as, for example, the red 
colorations produced by lithium and strontium compounds, or the*^ 



violet coloratiSns produced by 
potassium, «a‘sium, and*rubidium 
compounds, and si?icc the simul- 
taneous presence of several sub- 
stances colouring tjie flame impart 
a mixed colour, whilst the greater 
luminosity of one glowing vapour 
may completely mask the colour 
of the vapour of another, it is for 
these reasons freipiently impos- 
sible to draw any certain conclu- 
sion from a simple observation 
of a flame coloration. 

This drawback may often be 
obviated, partially at all events, 
by observing the flame colora- 
tion, not with the naked eye, 
but through a liq/U filter, usually 
coloured glasses, and by this 
means absorbing the light pro- 
duced by certain vapours in a 
mixture ; or the differentiation 
of the kinds of light emitted by 
different kinds of vapours simul- 
taneously present may be effected 


Fia. 34. 


by means of spectrum analysis, 


as described below. 


Since the latter method is infinitely su})Crior, all that need be said 
about tlie former is that some recommend for use as light filters 
hollow prisms which have acute angles, and are filled with indigo 
or potassium permanganate solution, thus allowing the flame to bo 
viewed through any desired thickness ^f coloured liquid, whilst others 
have proposed the use of coloured glasses for, this purpose. 

These consist of a blue, a violet, a red, and a green glass. The 
blue gl|i88 is coloured with cobaltous oxide, the violet with manganic 
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oxide, the red by cuprous oxide, and the green by ferric oxide and 
cupric oxide. The varieties of glass which can be bought for the 
decorative trcatiiient of windows are usually of the right shades. 

The appearance of the flames coloured by the vapours of different 
substances when viewed through these screens, and the coinbinations 
* of screens to be used for the dete(;tion of the^indivjdual substances, 
arc described in tlte ffbcond part in connection with the corresponding 
reactions of cations {y\d anions. 

• Spcclrum anahjsis, the second method for the sj)ecial observation 
of flame coloration, is of much greater delicacy and value, and is a 
2 )hysical ])rocess of investigation, the fundamental importance of 
which extends far beyond this ])articular object. 

It is based uj)on the ])rincij)le that the light emitted from a source 
of liglit, or transmitted through a transparent substance by which 
it is partially absorbed, is dccom])osed by means of ])risms or gratings 
into its (lifhu'ent fractions, so that the nature and intensity of these 
can be further investigated. In so far as the nature of the emitted 
t)r absorbed light de])en(ls u]>on the chemical com])osition of the 
luminous or transjuirent substance, it is jmssible to draw exact 
conclusions as to the constituents of the substance in question from 
the kinds of light occurring in its spectrum. 

Jjight is ])roduced by electro-magnetic vibrations, the wave 
lengths of which for the rays visible to tlu'. eye vary between 400 
and 8(K) millionths of a millimetre (] millionth ])art of a millimetre 
is written /x/x). Kach vibration of definite wava; length produces a 
definite sensation of colour in our eyes. 

In the case of luminous substances the conditions for the rate 
of transmission of the ('initted light rays in different media, ejj. air 
and glass (their refraiigibility), vary with th(^ wave length. Hence, 
in passing through a (glass) ])rism they are bent (refracted) from 
their course to a diflerent extent. The longer the wave lengths, 
the h'.ss the refraction of the rays, and vux vena. The red rays 
show the least, and the violet rays the greatest refraction. 

When a group of parallel light rays is made to pass through a 
prism 1 and then received u})on a screen or made to enter a telescope 
tube, the group of rays then produces an image, {spectrum), in each 
part of which only light of definite wave lengths (i.c. of the same 
colour) is present. ^ 

If tlie pencil of light contairis rays of dift’erent refraiigibility the 

^ The analogous action of a grating in refracting light need not be described 
h^re. 
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spectrum, compared with the original pencil of light, will appear 
extended and decomposed into the different kinds of light. 

Iricandescent solid and liquid substances show coi/itinuous spectra, 
i.e. those which show light of all the possible wave lengths between 
the two ends of the spectrum, beginning at the red end, and extending, 
to a degree incrcfjsing with the temperature, to the violet end. That 
is to say, the kind of light emitted by them dqitiids, not upon the 
substance, but only on the temperature. Tlic appearance is similar 
to that of the spectrum of the sun, represented in 1 in the table .f 
spectra, except that the dark lines seen in the latter arc lacking. 

On the other hand, incmidescenl gases or vapours, or rarejied gases, 
into which an electric current of high voltage has been discharged, 
Kiid. JluoresceM substances emit only light of certain' dejinite wave 
lengths, characteristic of the substance in question. 

On this account such light shows a spectrum containing several 
(sometimes very many) lines which, under the same conditions 
always occur, in the case of one and the same substance, in the same 
positions in the spectrum, and thus enable that substance to be 
detected in a luminous body. (0/. Table of Spectra, 2 to 11.) From 
an observation of the s])ectrum it is, therefore, also possible to 
recognise without diflicadty each individual in a mixture of sub- 
stances imparting colour to a flame. Thus, for example, a flame 
into which a mixture of salts of pota.ssium, sodium, and litliium is 
introduced shows the com])Ictc s])ectra of the individual metals 
associated yet distim^t. 

Each separate line corresponds to a special form of wave motion 
produced by an electrical particle vibrating in tlu^ atom. Hence, 
the study of spectra enables conclusions to be drawn concerning 
the construction of atoms, analogies to be tracked betwe^en elements 
which are also related in other respects, atomic weights to be 
determined, etc. 

In qualitative analysis simple spcctroscojies, which allow the 
whole of the field to be seen at once, are generally used, and they 
are mainly used for the observation of the bright linos. 

Fig. 35 represents a laboratory spectroscope, as designed by 
Bunsen and Kirchhoff, the founders of spectroscopic analysis. 

The prism P is clamped to the middle of the jilate supported by 
the stand of the apparatus. The tii^je A has its end away from the 
prism closed by a plate, in which is a verticaUlit, the width of which 
can be regulated by means of a micrometer screw. The light to be 
examined (the flame F) enters the apparatus through this slit, is 
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rendered parallel by means of a lens at the end of A next to the 
prism, and falls upon P. Here it is so deflected that it reaches the 
telescope B, in which the spectrum appears. The tube C has its 
outer end closed with metal foil, in which is cut a horizontal slit. 

This tube also has a lens at the end next to the prism, whilst 
• within it, at the focussing point, is a glasi plate on which is a 
photographically jediiced millimetre scale. When ^bis is illuminated 
by a ligh^ placed in front of the slit of C the prism acts as a mirror, 
i^nce B and (7 arc fixSd at the same angle with regard to the surfaces 
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of the ])rism, and an image of this scale is therefore projected into 
the telescope and in the same j>lane in which the spectrum lies. 

If it is required to com])aie two s])eetra simultaneously in the 
apparatus, an a])[)liance (a comparison j)rism) may be placed in front 
of the slit of the tube A which covers the lower half of the slit, and 
transmits light by refraction or reflection into the collimator A from 
a source of light at the side. 

Spectroscopes with direct vision arc more handy for laboratory 
purposes. The i)rinciple used in the construction of these, instru- 
ments is that instead of a single prism a combination of several 
prisms of glass of different dispersive power (Le. of colour dissociating 
capacity) is employed. These prisms are so arranged that light of 
mean refrangibility pa’sses through them undissociated, whilst rays 
of short wave length are refracted in one direction, and rays of 
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long wave length in the other. Fig. 36 represents the simplest form 
of these direct vision instruments, devised by Browning, the so- 
called pocket spectroscope, the illustration being about two-thirds 
of the actual size. Behiml the ojjening g on the left-hand side is a 
slit which can be made wider or narrower by turning the projecting 
studs. The lens, although placed within the limit of vision in front 
of the ocular opening, brings the image of th(rsl‘/t sharply into the 
field of vision. Cr and FI arc prisms of crown and flint glass respec- 
tively. The apparatus of Vogel ^ and of Beckmann," which avc 
provided with a number of subsidiary aj)pliances (comparison 
prisms and a se])aratc tube for the scale), are based upon the same 
principle. 

In the instrument of Bunsen and Ivirchholf, described above, the 
exact })Osition of rays of definite refrangibility in the spectrum is 
determined l)y means of the scale })rojccted from the tube C. But 
different ap]>aratus will only showjhe same degrees of refraction in 
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the same ])Ositions when their prisms have the same refractive and 
dispersive power, i.c. are made of the same kind of glass and have 
the same angle. 

The method of indicating the different kinds of rays by their 
wave lengths is inde])endent of any particular apparatus (or of exact 
details in the method of employing it). In order to be able to do 
this from the position of the lines in the scale, it is necessary to 
standardise the instrument upon wave lengths. For most purj)oses 
this may be done by determining the position on the scale of definite 
lines of known substances, the wave lengths of which arc well 
established.^ Another method for the orientation of the lines in the 
spectrum may be used instead of com])arison with the scale. For 
example (as shown in Fig. 55), the light from a flame coloured by the 
vapours of a known metal may be introduced into the instrument 
through a comparison prism, which is placed in front of one half of 
the slit, and the resulting spectrum is compared with that produced 
by the light entering directly into the other half of the slit, and which 

‘ Ber., 10, 1428 ; Zeitsch. anal Cham., 17, 187. 

* Bar., 36, 1984. Cf. Table, p. 97. 
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is derived from a flame in which the substance under examination 
is vaporised. 

When reflected sunlight is made to pass through the slit of the 
spectroscope there is produced a continuous spectrum, showing the 
colours of the rainbow, and in this numerous dark lines may be 
•distinguished (c/. 1 in chart of spectra). These da^k lines — Fraun- 
hofer's ?mcs—occif[:)y* definite positions in the spectrum, and hence 
afford ti'ifStworthy p^)ints for the orientation of other lines, as, for 
ei-ample, by simultaneously admitting the light from the flame under 
examination and from reflected sunlight into the two halves of the 
slit. The explanation of these lines is that the body of the sun in 
a state of molten heat transmits rays through the solar atmosphere, 
which produce a continuous spectrum. The gaseous substances 
which conpjosc this atmosphere would themselves ])roduce light 
spectrum lines, were it not that they absorb from the white sunlight 
those parts with the same wave lengths as they themselves emit, and 
thus produce the black lines. 

The latter, therefore, show exactly the same refrangibility as the 
bright lines in the spectrum of this vapour. TTence Fraunhofer's lines 
may be used for standardising the scale of a spectroscope, or for the 
orientation of the wave lengths of dilTerent ])arts of the sjiectrum. 

The following wave lengths corres[)onding to th(5 bright lines (or 
Fraunhofer’s lines) of difi’erent (‘lements have been determined : 


Wavk Lengths of the Ordinaey Kinds of Light:- ^ 


Potassium a 7r)l5‘9/x/x( , 

Lithium a 670-8 „ 


Sodium Lj 
Sodium l)^ 
Thallium 
Strontium S 460-7 
Potassium ^ 404-4 


580-6 , 
580-0 , 
535-1 , 


jyellow 

gr('cn 
, blue 
violet 


' Hydrogen 


( a— 656-3/t/x 
/ jd -486-1 „ 
)y- -4310 „ 


IMei-eury 


(5-410-2 „ 
j' 615-2////. red 
)70-0 I 


) 576-0 
1.546-1 „ 


yellow 

green 




Fraunhofer’s Lines. 


A 

Air . 

. 760-4 ///X ' 

h 

Magnesium . 

517-84 ///X 

B 

Air . 

. 686-74 „ 1 

h 

Iron 

516-77 „ 

C 

Hydrogen 

. 656-30 „ 1 

F 

Hydrogen 

486-15 „ 


Sodium 

. 589-62,, • i 

a 

Iron 

430-80 „ 

D, 

Sodium 

. 589-02 „ , 

h 

Hydrogen 

410-20 „ 

E 

Iron 

. 526-07 „ ! 

H 

(-alcium 

396-86 „ 



1 

K 

Calcium 

393-38 ,. 
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To obtain the substance under examination in the form of in- 
candescent valour, the usual method is to proceed as described above 
in coimectioii witli the observation of flame colorations, i.e. a small 
quantity of the substance is introduced on platinum wire into the 
fusion area of tlie flame of a Bunsen burner {jS in Fig. 2G, p. 81). 
Greater luminosity may often be obtained by moistening the substance 
with a drop of hydrochloric acid, since chlorificff are as a rule par- 
ticularly volatile. Instead of vaj)orising the substance oif platinum 
wire the method of E. Beckmann ^ may be adopted, in which< a 



Fio. 37. 



solution of the substances is converted into fine spray, which is 
conducted into the flame by means of a current of gas or air. This 
fine distribution of the liijuid is most sinq)ly elTected by forcing a 
blast of air through a jjorous substance in very fine bubbles into the 
liquid, or by the generation of an inert gas, such as hydrogen and 
oxygen by electrolysis or hydrogen from zinc and sulphuric acid, in 
the solution under examination. Figs. .38 and 39 show two forms 
of Beckmann’s “ atomiser,” in botl^of which hydrogen is generated 
in the vessels below the special burners. 

For a longer observations of the coloration which the chlorides of 
^ 1 Zeitsch. 'physiol. Chem.y 57, 049. 
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heavy metals impart to the flame, one may either adopt the method 
of A. MUscherlich, in which the metallic chloride is heated in the 
bulb of a tube drawn out and bent at right angles, while a current 
of hydrogen is passed through the tube and subsequently ignited ; 
or the apparatus designed by //. Vogel for use with ordinary gas, 
• and represented in Fig. 40, may be used. * . 

The gas is int»ochiced through k, passes through s into the glass 
Bunsen burner d, which is supported by the wire u, and, if the 
burner is properly constructed and arranged, burns with a smokeless 
flame at a. On now heating the substance in the tube at p, the flame 
soon shows a lasting coloration corresponding to the chloride present. 
In addition to volatilisation in the flame, it is also possible to 


B 


Fio. 39. 

produce incandescent vapours by volatilisation by means of electric 
sparks or in an arc light. ^ The spectra of these, corresponding to 
temperatures different from those in the case of flame spectra, show 
considerable variations from the latter. In connection with spark 
spectra reference may be made to the exhaustive communication 
on tho subject by R. Bunsen (Zeilsch. anal. C/um.y 15, 68). It is 
not possible to give here any description of arc-light spectra, 
fluorescence spectra, or the spectra of gases, especially those in a 
rarefied condition, which have received an electric discharge. Further 
details concerning flame and spark spectra will be found in works 
dealing specially witli the ^ibject, e.g. Kayser’s Handbuch der 
Spektroskopie, or Emil Baur’s Spektroskopie und Kolorimetrie. 

1 A simple apparatus for the production of arc spectra has been described 
by Riesenfeld and Pfiitzer, Ber., 46, 37. • 
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Spectrum analysis is not only applicable to the examination of 
auto-luminous substances, but also affords a means of determining 
the absorptive cajmcity of transparent coloured substances towards 
light rays of different refrangibility, and, since this depends upon 
the composition of the substance, of investigating the latter. 

When white light is made to fall upon a colourless transparent 
substance it is transmitted with uniform brigiltff^ss as regards all 
its rays. Coloured substances, however, stop, the ]:)assa^e of rays 
of a certain wave length to a varying extent. The transmitted rajS 
no longer unite to form white, but form a mixed colour, the body 
colour of the substance in question. 

If the light from such a coloured transparent substance is 
decomposed by the prism of a spectroscope into components of 
different refrangibility, the spectrum when compared with that of 
white light {e.g. sunlight) appears not so bright in certain places.- 
This may be manifested in the form of separate narrow lines (as 
in the case of Fraunhofer’s lines or, in fact, of the absorption lines of 
gases or vapouns), or in the form of somewhat faint shadows, which, 
in the case of the same substance, always appear in the same parts 
of the spectrum, but vary in intensity with the depth of colour of 
the substance under examination, or, in the case of coloured solutions, 
with the concentration. The more distinct and sharply defined the 
dark stripes, the more readily can a substance be identified by its 
absorption spectrum. In certain cases {e.g. the detection of carbon 
monoxide in blood) an examination of the absorption spectrum is of 
great importance. 

For the examination of their absorption spectra liquids are 
introduced into vessels with })arall(*l sides, which are placed between 
the slit of the spectroscope and a strong source of white light. 

If, on the addition of other sub.stances, solutions show alterations 
in colour, these may also be followc'd with the aid of absorption 
spectrum analysis, which will in this way enable uncolourcd sub- 
stances also to be identified. Particulars of this method are given 
in a detailed communication by Formavch upon the detection of 
metallic salts by means of absorption spectrum analysis with the 
aid of alkanet {Zeitsch. anal. Chem., 39, 401)). 

The special literature must also be con.-<ulted in connection with 
the subject in general. It may be jnentioned, however, that Fritz , 
Weigert ^ has devised a method of greatly increasing the sharpness 
of observation of absorption spectra, by determining the brightness 
^ ^ J5rr,, 4-9, M96 ; Zaitfifh ami. Chern.. 56, 108. 
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for rays of different refrangibility and plotting the results in a curve. 
This has, in the case of every substance, an absolutely definite form, 
which can be expressed numerically, so that a more exact objective 
description of a substance can be given than the statement that its 
spectrum shows a faint shadow in a definite j^art of the spectrum. 

Sec. 23. 

21. Use o£ the Microscope. Microchemical Methods. 

it was stated at the end of Sec,. 4 (p. 30) that the microscope 
is frequently used for the examination of small crystals, in this 
way it is frequently possible to identify different substances by the 
characteristic form of their crystals. 

If the microscope is provid<Hl with a ruled eyej)icce, a stag(5 with 
circiihir divisions and two Nicol jnisms, the angles which the dilferent 
facets (sni'fac(^s) of the crystals form with each other may be measured, 
and their behaviour in polarised light studied, especially the ])Osi- 
tions in which the light is obscured in relation to the surfaces of the 
crystals, etc. 

By this means the (aystalline form can be ascertained much more 
accurately (and to some extent expressed numerically) than is 
possible bA sim])l(' observation under the microsco])e. That is to 
say, more definite and accurate conclusions may be drawn as to the 
nature of the substance. 

An outline of how to use this method, which was originally 
designed for crystallographic purposes (^.e. for the examination of 
thin s(’,ctions of rock), for more strictly analytical purposes has been 
given by J. L. C. Schroder van der Kolk.^ The same author has also 
devised a method of determining the refractive index of crystals, 2 
which may be used as an additional identification test of the sub- 
stances themselves. 

The microscopic examination of the (*rystals, which was 
at one time but little used, has been developed by the work 
of 0. Lehmann,^ K. Ilaushofer,'^ A. Strong,^ IT. Behrens,® 

^ Zcitsch. a 7 i(d. Chem., 37, 525. Ktirze Afileitumj zur nnkroskopischen 
Kristallbesiimmuiiq , published by C. W. Kreidels, Wiesbaden. 

“ Ibid., second enlarged edition, Wiesbaden, 1900 ; Zeitsch. ami. Chem., 
38, 615. 

® Ann. Phys. Chem. (New series^ 13, 506 ; Zeitsch. ami. Chem., 21, 92. ^ 

^ Milroskopische lieaktionen, by K. Hanshofer, 1885. (Vieweg und Sohn, 
Brunswick ) 

® Ber. Oberhessuichcn Gcis. f. Natur u. Heilkunde, 22, 258 et seq . ; Zeitsch. 
anal. Chem., 23, 185. 

* Ann. de VEcole polyt. de Delft, 1891; Zeitsch. anal. Chem., 30, 12&cl seq* 
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Frey,i Schoorl,2 Emich,^ and others, into a definite technique of 
microscopic investigation, which enables many substances to be 
identified rapidly, even in the presence of other substances. 

The simplest jnethod of applying microchemical reactions is to 
place a fragment of th« substance, together with a drop of water, on 
an object glass, or to allow a droj) of a solution, tO|.evaporate on the 
glass, and in either case to note tlic form and other j)roperti’es of the 
resulting crystals under the microscope. * ^ 

Not infrequently well-formed crystals are not produced, but only 
crystalline formations and aggregates, which, however, under the 
special conditions of their formation are equally chariftteristic of the 
substance in question. 

Microscopic methods of examination may frequently prove a 
valuable supplement to the ordinary methods of (pialitative analysis, 
and enable results to be obtained when the usual methods fail ; yet 
they cannot entirely replace the latter, but, on the contrary, in many 
cases presuppose a knowledge of the ordinary (microchemical) 
methods. . 

Moreover, microchemical analysis, if it is to yield trustworthy 
results, demands not only a thorough knowledge of crystallo- 
graphy, but also skilled practice in the use of the jnicroscope 
and in microscopical work ; it cannot, therefore, taking into con- 
sideration the lines upon which it has developed, well be studied 
at the same time as the ])urcly chemical methods by one who is 
beginning the study of analytical chemistry. Hence, in the following 
introduction we have confined ourselves to the description of only 
such microchemical reactions as are of exceptional value for the 
identification of certain substances, and as regards the remainder 
refer the reader to the works cited above. Illustrations of the 
microscopical appearance of the crystalline substances frequently 
supplement the description in these books. 

Also his introduction to microchemical analysis (5 vols). A new edition of the 
volume dealing with inorganic compounds has been edited by Kley (1914). 
This is referred to as Behrens-Klcy (3rd ed.) in the following pages. The rubric 
numbers of the volume of the text coincide for the most part with those of the 
second volume of the edition of Behrens. 

^ Schweiz. B'ocA, Pharm., 30, 149 ; Zeitneh. ami. Chem., 32, 204. 

* Zeitsch. anal. Chem., 46 , 658 ; 47 , 209, 367. 

* Zeitsch. ami. Chem., 42 , 610 ; 40, 49^* ; 60, 600 ; 54 , 489 ; 56 , 1 ; also 
Lehrb. der Mikrochemie, Wiesbaden, 1911 (Kreidol). ^ 
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Sec. 24. 

22« Apparatus and Appliances. 

Since many who take up the study of analytical chemistry may 
^ find a difficulty in choosing the necessary apy^ratus and appliances 
for the j)urpose, or ojf deciding which are necessary and which non- 
cssential,^we append a list, which gives a brief summary of all the 
^)paratus required for 8inq)le examinations, and at the same time 
take the opportunity of pointing out to what points attention must 
be paid in buying or making them. 

1. A Buns(kn gas burner with chimney, support for same, and 
additional tube for producing a flame suitable for use with a blow- 
pipe, together with a stand (»Sec. 17, Figs. 21, 22 and 24). 

If gas is not available spirit or pc^trol lamps are used iirstead. 

2. A ])low[)ipe (r/. Se,o. 20, Fig. 27, y). 83). 

3. A ydatinum crucible. It should have a capacity of about 
15 C.C., and not be too dceyi in jiroyiortion to its breadth, and its cover 
should be in the form of a shallow dish, in laboratories wliere 
several chemists are at work one crucible is sufficient for a number 
of persons. 

4. Platinum wire {cf. Secs. 20, 21, and 22). 

5. A stand with twelve test-tubes, wliicli should be from 16 to 
18 cm. in length and 1 to 1'5 (an. in width. They must be made of 
thin colourless glass, and have been cooled in such a way that they do 
not crack when boiling water is poured into them. They should also 
have round edges somewhat tunu'd over, but no lip, w'hicli is of no 
use for pouring out, and makes it very difficult to close the mouth 
with a cork or to sJiake the tube thoroughly. A convenient form 
of stand is showai in Fig, 41, 'I’he pegs on the uyiyier shell suyiyiort 
the rinsed test-tubes, which are thus drained and arc dry when 
required. 

6. A few beakers and boiling flasks made of fairly thin glass 
which has been proyierly, i.c. slowly, cooled. 

7. Some y)orcelain basins and a selection of small porcelain 
crucibles. 

8. Glass funnels of different sizes. They should be inclined at 
an angle of 60”, the sides not passing gradually into the outlet tube, 
but being connected with it a1»an acute angle. 

y. A washing bottb, holding about 300 to 400 c.c. (See Fig. 5, 
Sec. 8, y). 41.) 

10. Some glass rods, a glass spatula, and assorted pieces ^f glass 
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tubing. The latter are drawn out, bent, etc., over the gas flame, 
whilst the ends of the former are rounded by fusion. In cutting 
glass tubing into the desired lengths a mark is made with a moist 
three-cornered file at the place in question, the tube grasped with 
one hand to the right and the other to the left of the scratch, and 
then snapped in two. The non-lnminous flame of a Bunsen burner 
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or blowpipe flame is used for fusing an<i drawing out tubing, but 
for bending it a broad iuniinous flame is preferable, 

11. (Several clock glasses. 

12. A small porcelain or agate mortar. 

13. Crucible tongs of brass or stee.l. lo to 12 cm. long. 

14. A filter stand, Fig. 1 or 2, ]). 37. 

If). A tripod of thin iron to siqiport dishes, etc., wlien being 
heated over a gas burner. 

16. Wire gauze or asbestos board, p. 78. 

17. A triangle of jilatinum wire or of iron wire, covered with 
unglazed jiorcelain or quartz glass. Figs. 16 and 17, p. 59. 

18. Coloured glasses, especially a green and a blue one, as 
described on p. 92. 

19. A pipette delivering 10 c.c., graduated in 0'5 c.c. 

20. Filter paper or ready-made filters. 



CHAPTER 11. 

BEHAVIOUR OE SUBSTANCES TO REAOENTS. 

In this chaptc'r vv(i sliall discuss in ihdail tiic, cliaiactci’istic- properties 
and plienonieiia whicli individual suhstances reveal under certain 
conditions, es[)ccially in int(*racCon vviili otlu'r sul)stances, whereby 
their pr(!S('iic(' can b(‘ i iHoifuised. Such ph(*noniena are termed reac- 
tions, the substance's used for their jiroduction naij^euds. (Sec p. 7.) 

Jiofore' describing the individual reactions w(‘, .i^ive, firstly, a 
general description of the reagents and their application; and 
secondly, an outline of the nu'aning and nature of reactions and also 
of the system of analytical grouping. 


Se(\ 25. 

1. REAHKNTS AND THEIR APPLICATION. 

As mentioned above, the chemical action of dill'erent substances 
on one another is termed “ Reaction.” If the ])henomena which 
arise enable a definite substance to be recognised, it is (;alled a 
reaction of (his substance. For exam])lc, if ene knows that solutions 
of barium salts treated with sulphuric acid yield a white precipitate 
insoluble in acids, and, on the addition of a solution containing 
barium ion to a ]i(|uid under examination, a priu ijiifatii is obtained 
with the above-mentioned properties, the conclusion may be drawn 
that sulphuric acid (sulphate ion) is ])r(‘seut in the solution. Sub- 
stances which are used in the examination of other substances to 
produce a reaction arc called reagents. They may be divided into 
two classes, general and speeial. The former an* used to determine 
the class or group to which the substance under examination belongs, 
the latter to identify definite individual substances. 

The dividing line between these general or group reagents and 
the special reagents is difhcult to define, as a reagent occasionally 
serves both purposes. 

If, however, we make the distinction, it is in order to sho^ that 
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in each case the object for which the reagent is to be used must be 
clearly understood. 

The value of general reagents is that it enables analytical groups 
to be sharply defined and, in many cases, the substances belongng 
to one group to be separated from those belonging to another. On 
the other hand, It is essential lor special reagents to be characteristic 
of special substances, and to be scnsiikr. A reagent is characteristic 
when the phenomenon arising through its application is only produced 
by the special substance for the determination of which it is used, so 
that a wrong conclusion cannot be drawn. Iron is thus a character- 
istic reagent for copper, stannous chloride for merevry, because tho 
metallic cojijier (mercury globuh's) olitained in these reactions cannot 
be confused with other substances. 

A reagent is sensitive when its action is distinct, even when the 
minutest quantity of the. substance to be ascertained is present, e,g. 
starch upon iodine. Many reagents are both characteristic and 
sensitive, as, for example, aurohvdrochloric acid for stannous ion, 
potassium ferrocyanide for ferrous and cupric ions, etc, • 

In the use of reagents it is essential to know the conditions which 
must be observed in order to ensure their correct action ; that is to 
say, to be able to draw trustworthy conclusions from the a])pearance 
or non-apjx'.arance of the reactions. 

In the first place it is necessarg for >hc reagent to he pure, so that 
misleading side-phenomena do not arise owing to the presence of 
foreign substances. Reagents should, therefore, be tested for 
purity before use, and be protected from contamination before and 
during use. 

It should be a habit, for instance, to take strict care that the 
stoppers of bottles containing reagents are neither interchanged nor 
laid on the laboratory bench with the ground surface downwards ; 
it is advisable to use st()p[)ers with a broad flat top, and to place 
them top downwards on the bemdi. The edge of the neck of the 
bottle should always be wiped out w'ith filter paper before the reagent 
is poured out, in case some of the reagent may have dried on it, or 
some of the ammonium salts from the air or dust may have accumu- 
lated there. Care should also be taken when pouring a liquid into 
a vessel containing gases or vapours (hydrog^ n sulphide, hydrochloric 
acid, ammonia, etc.) that these do %iot penetrate into the reagent ‘ 
bottle and mix with the reagent. In such a«casc the requisite quan- 
tity of fluid reagent should be poured into another vessel first, and 
from tjiis into that containing gas or vapour. 
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The possibility of changes in the reagent while being kept must 
also be taken into consideration. Solutions of sodium hydroxide, 
ammonia, and ammonium sulphide can absorb carbon dioxide from 
the air ; as a result of oxidation by atmospheric oxygen ammonium 
^iulphide may contain su]j)hate ; the gases may#escape from aqueous 
solutions of hydrojfen sulpliidc, sulphur dioxide, a\id chlorine, or 
these solutions ]nay become oxidised or decomposed (see p. 73, 
footnote, and p. 74) ; ‘aqueous solutions of alkaline substances may 
attack the glass of the bottle and absorb aluminium or silicate ion, 
and so forth. Reagents, tlierefore, wliich were found to be pure when 
t(5sted may latei^he found to have become impure. If unexpected 
phenomena occur an examination of the reagents should always be 
made as to wlu'ther they liave bcMtome impure or have changed. 

Most reagents can he houglit nowadays made up in sulHciently 
pure condition. Oirc'ctions for their ])roparation are, tlierefore, 
only Jtiven in this booh when it must take ])lace in tlie laboratory. In 
resjiect hereof, riderence should be made to the foregoing sections, 
notably 8ec. 12, p. 52, Sec. 18, ji. (57 d scq., as also to the directions 
given in Hjiocial cases later on. 

Details for testing the purity of reagents are only given in special 
cases. We recommend, how<‘ver, the sjiecial liook on this subject : 
Die Prufung der clintuschoi Reugeniivn attj Reivhetf, which is pub- 
lished by the liini R. Mt'rck, in Darmstadt, and which contains all 
the necessary directions. i (Tcnerally s[)eaking, any one who is 
conversant with qualitative analysis can easily determine the state 
of juirity re([uired for individual reagents and the method of testing 
them in (-.(irtain cases, especially when the purpose of their use and 
coiise((uently the impurities which wohld be detrimental are borne 
in mind. 

A])art from the (juestion of ])urity, it is essential for reagents to 
be used under the grower mnditums. The lirst consideration is the 
quantity, then the dilution, the tcrnperalure, and finally the duration 
of action. 

In this resjiect the following remarks are applicable : A wrong 
proportion of the constituents, i.e. an incorrect ijuantity of reagent 
added to a substance under examination, is one of the most customary 
sources of failure in qualitative analysis. Expressions such as an 
addition in excess, supersatur^ion, and many others are apt to 
mislead the student to tHe assumption that too much reagent cannot 

m ] regard to reagents for microchemical analysis, see Behrens-Kley : 
mkrochemiacU Analyse, 3rd ed., p. 20 ; W. Lenz : Zeitsch and Chem.,^2, 90. 
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be added, and in order not to use too small a quantity many pour 
out a whole test-tube full of acid to neutralise a few drops of an 
alkaline liquid, whereas each drop of acid which is added after the 
point of neutrality has been reached must be considered as an excess 
of acid.i In the saipc way, too small an addition must be avoided 
as much as too iarge a one, in that the use of a^n insufficient quantity 
of reagent will often i)roduce quite different phenomena from those 
obtained from an excess. For example, mercuric chloride gives a 
white precipitate on the addition of too little, and a black one on 
that of too much hydrogen sul})hide. From experience it can be 
said that beginners g(‘nerally render their work more difficult and 
unreliable because llie\' use reagents in too large quani ities. 

One reason why an excess in the quantity of the. reagent used is 
a mistake is that too great an increase of volume diminish(\s tin* sensi- 
tiveness of the reactions, and frequently prevents jiheiiomena, which 
would havi; occurn'd had the addition been suitable, from lieing 
observed at all. Secondly, it should be noted that the ('xc(‘ss of a 
reagent often disturbs the original reaction (a pri'cipitate obtained 
dissolves again, etc.). 

AVith regard to the adequate dihilion of solutions of reagents, it 
should be noti'd that, as, for instance, in tlie case of [uecijiitation 
reactions, the solubility product (sei; ]>. dd) is already exceeded by 
an addition of a solution of reagent, which is smaller in proportion 
as the solution is more concentrated, and therefore too dilute a 
solution can in some cases mwer bring about a precipitation. Kc- 
agents which, on the other hand, are too concmitrated often produce 
too dense a precipitate, which can then (by mechanical (‘riclosure or 
adsorption) easily carry with it foreign particles from the solution, 
from which even by washing it is dillicult to separate it. in such 
cases it is also often dillicult to recognise tlie nature of the precipitate 
(f.c. whether it is jmlverulent, flocculent, crystalline, etc.). 

As regards the quantitiiis required to cause a reaction, a quarter 
to a third of a test-tubi! of prepared solution for each reaction may, 
as a rule., be used, unless a different quantity is s^ieidfied for an 
individual case. A piece about the size of a jiea should be used in 
the case of solid substances, this being dissolved in a quarter to a 
third of a test-tube of solvent. 

No general rules can be given regarding the correct temperature * 
and the duration of act ion. • 

^ SufTioiont emphasis cannot be laid on the necessity of always using test 
paper,* 
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On the whole, as regards the observation of proper conditions in 
the use of reagents, no special rules can he made, but a (jeficral rule 
will, in most cases, suffice to produce the correct proportion, or, in 
other words, the correct conditions. It is this, that every time a 
reagent is applied, the purpose for which it is being used should be 
clearly thought out, as also the phenomena which.it is desired to 
o])tain and the resfllts^ which the addition of an exces.s, i.e. the use 
of a reagerTt under unsuitable conditions, would ])roduce. 

^Tn vifasyri'tu] the (piantities of reagents to be used in individual 
cases, it is necessary to know the eovcrnf ration of their solutions. 

This concentration can either be measured by making a solution 
of each reageiit of suitable strength for the customary method 
of use, without there being a reciprocal relationship between the 
volumes of the individual solutions; or by using solutions of such 
strength that ecpial volumes contain corresponding quantities of 
dissolved substances (thus, for instance, equal volumes of acid and 
alkali solution neutralise each other, equal volumes of a solution of 
a barium compound and a sul]ffiat(‘, precipitate each other recipro- 
cally, etc.) ; or finally, by taking the middle course, wdiereby although 
equal parts of the solution do not contain corresjionding quantities 
there is a known relntionshi]) betwiMui the volumes of the dillerent 
solutions (iJiiis I ])art of the one c.orres])onds to 2 ])arts of the second 
or 5 parts of the third). 

The fir.st method is the one most in use, and we have adhered to 
it in this book, and at the end of this section have given a summary 
of the concentrations of the customary solutions of reagents. 

d’he second method consists, for example, in the plan of using 
throughout solutions of reagents of so-called double normal concen- 
tration, i.e. solutions which contain a quantity of reagemt corresjiond- 
ing to 2-gramme equivalents ])er litre. {Kn equivalent weight is the 
quantity corresponding to oiu' elTective valency, thus 1 molecule of 

sodium hydroxide, NaOJT, .t molecule of barium hydroxide, 

1 molecule of hydrochloric acid, IICl, J molecule of snlj^huric acid, 

H yo 

-, l molecule of sodium chloride, NaCll, \ molecule of sodium 
NaoSO 

sulphate, ' etc. A gramme equivalent is the number of 

grammes corres])on(iing to thescPequivalimt weights.) 

This system has the drawback, that many solutions are too dilute 
and others too concentrated for the purpose in question. 

The third method of measuring the concentration originated with 
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Wollny {Zeitsch. anal. Chem., 24 , 402). According to this method, 
normal, five times normal, ten times normal, etc., solutions are used ; 
the degree of normality must in this case he stated on the bottles. 
Wollny recommends that reagents be taken from the bottles by means 
of small pipettes, and that in each case a known number of cubic 
centimetres be psed. 

We now give a summary of the concentration of the customary 
solutions of reagents according to the first method, on which ^.he 
directions in this book are based, and in certain cases add a few 
special remarks. 

A. Acids. 


1. Fuming hydrochloric acid of .sp. gr. M9 contains 37% HCI 


Concentrated „ „ 

„ 117 

„ 32% HCI 

Dilute „ „ 

M2 

„ 25% HCI 

2. Fuming nitric acid of sp. gr. 

. 1 •47-1*5 

„ 83^86% HNO 3 

Concentrated „ „ 

1-40 

„ 65% HNO 3 

Dilute „ „ 

1*20 

„ 8 H% HN ()3 

3. ConcentratedSulphuricacidofsp.gr. 1-84 

9.y-96% H 2 SO 4 

Dilute „ „ 

» Ml 

16% H 3 SO 4 

4. Acetic acid of sp. gr. 

1*040-1 -042 

„ abt. 307o (^HgCOOH 


B. Hydroxide Solutions. 

1. Sodium hydroxide solution of sp. gr. 113-115 contains 
11-13 per cent. NaOIl. Especially when kept for some time in a 
glass bottle it is never free from aluminium ion, silicate ion, and 
carbonate ion, and even otherwise not always free from impurities. 
In many cases it is therefore advisable immediately before use to 
prepare an alkali liydroxide solution of j)ure solid y)otassium or 
sodium hydroxide (that j)repared from metal is es])ecially j)ur(;). 

Sodium hydroxide solution keeps better in nickel flasks than in 
glass bottles. As gla.ss sto[)[)ers become so firmly fixed in the neck 
of bottles containing sodium hydroxide solution, if kept for some 
time, that they cannot be removed, rubber or nickel stoppers may bo 
used. This difficulty can also be overcome by smearing the glass 
stopper with paraffin wax liefore itiscrting it into the neck of the 
bottle, which should be wiped out first. Another method is to use 
a cap, which fits tightly round the outside of the neck of the bottle, 
instead of a glass stopper. 

2. Ammonia of sp. gr. O fifi contains 10 per cent. NH 3 . It easily 
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absorbs carbon dioxide or hydrochloric acid and possibly nitric acid 
from the lal)oratory air, and must, therefore, be protected from it, 
and in the event of unexj)ected reactions appearing should be tested 
for such impurities. 

3. Baryta water contains 5 per cent. Ba( 0 H) 2 + 8 H 20 . 

• 4 . Lime water contains r5 per cent. Ca(Oli) 2 . , 

Baryta water aiuHime water a])sorb carbon dioxide from the air, 
and bariufti oi calcium carbonates separate, so that the clear solutions 
(loitered if necessary) are free from carbonate. Lime water, weak 
in itself, can in this way easily lose its entire content of calcium 
hydroxide. In many instances milk oflim\ a mixture of lime water 
and solid calcium hydroxide, is used. Milk of lime is made by 
slaking pure quicklime with a fair amount of water, lime water by 
pouring olT the siq^ernatant clear liquid produced when the dilute 
milk of lime has subsided. 

C. Salt Solutions. 

The following quantities of water are used to make the customary 
solutions : — 

1 . Ammonium chloride, 1 part NH 4 CI . 8 parts water. 

2 . Ammonium carbonate, 1 part (NH 4 ) 2 C 03 , 

1 part ammonia and . . . . 4 „ „ 

The solid ammonium carbonate as purchased is a mixture of 
ammonium carbamate and ammonium hydrogen carbonate ; to 
convert this into ammonium carbonate a little ammonia should be 
added during the solution (an exc<'ss does no harm). 

3. Ammonium oxalate, 1 part (NH 4 ) 2 C 204 

-f H 2 O ...... 24 ])ai‘ts water. 

4. Ammonium molybdate, (Nll 4 )oM 07024 -l IlIoO : 150 gr. of 
the salt are dissolved in 1 litre of water, the solution ])oured into 
1 litre of nitric acid of sp. gr. 1 ' 2 , the fluid allowed to stand for several 
days in a warm place, ])oured ofl from any ammonium phospho- 
molybdate which may have formed, and then kept for use. 

5. Disodium hydrogen phosphate, 1 

part Na 2 HP() 4 d- 12 H 20 or sodium 
ammonium hydrogen phosjdiate 
Na(NH 4 )Hr 04 “}- 41 l 20 . . . 10 parts water. 

6 . Sodium carbonate, 1 p^rt Na 2 C 03 or 

2*7 parts crystallised soda Na 2 C 03 
+IOH 2 O 
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7. Sodium acetate, 1 part CIIg COONa 

-I- 2 H 2 O 10 parts water. 

8 . Potassium sulphate, 1 part K 28 O 4 .12 ,, 

9. Potassium nitrite, 1 part KNO 2 . 2 ,, 

The solution must yield a large quantity of nitric oxide gas on 
the addition of dilute sulphuric acid. 

10 . Potassium chromate, 1 part K 2 Cr 04 . 10 parts water. 

11. Dipotassium dihydrogen pyroantimo- 

nate, 1 part about 250 ,, ,, c 

1 part shoTild be boiled for a short time with 200 parts of water, 
allowed to cool, and the still undtssolved residue filtennl off, 

12 . Potassium cyanide, 1 part KCN . 4 parts water. 

The solution is prepared just before use. 

13. Potassium ferrocyanide, 1 part 

K 4 Fe(CN )6 12 „ 

14. Potassium thiocyanate, 1 part KCNS 10 ,, 

15. Barium chloride, 1 part BaCl 2 + 2 H 20 10 ,, 

16. Barium nitrate, 1 part Ba(N 03)2 . 15 ., 

17. Calcium chloride, 1 part CaCl 2 + 6 ir 20 5 ,, 

18. Calcium sulphate, (’aSO.i l 2 II 2 O . Saturated solution. 

19. Magnesium sulphate, 1 part j\rgS 04 

-I- 7 II 2 O ...... 10 parts water. 

20 . Ferric chloride, 1 part FCCI 3 . . 7*5 ,, 

21. Cobaltous nitrate, Co(N() 3)2 [-blloO 10 ,, 

22 . Silver nitrate, 1 part AgNOg . . 20 ,, 

23. Lead acetate (sugar of lead), 1 part 

(CHaCOOj.^Pb +31100 . . . 10 „ 

24. Mercurous nitrate, Hg 2 (N 03)2 f 21100. 

The crystals are dis,solved by grinding them in a mortar with 
water to which yir nitric acid of sj). gr. 1'2 has lieen added. The 
solution is kept in a bottle, which has a little metallic mercury at 
the bottom. 

25. Mercuric chloride, 1 jiart Ilg (42 . 10 parts water. 

26. Cupric sulphate, 1 i)artCu804-| .51 12 O 10 ,, 

27. Stannous chloride, 1 part 8 nCl 2 f 21120 . 

Powdered tin is dissolved by boiling in concentrated hydrochloric 
acid (tin must remain in excess) until scarcely any more hydrogen 
is liberated, and the liquid is then diluted with four times its volume 
of water to which a little hydrochToric acid has been added, and 
filtered. The solution is kept in a bottle containing some metallic 
tin (a sheet of tin foil). 
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28. Aurohydrochloric acid (gold chloride), 

1 part HAUCI 4 + 3 H 2 O . . .30 parts water. 

29. Platinohydrochloric acid, 1 part 

HaPtCle+eHaO . . . . 10 „ 


^ . Sec. 26. 

II. THK MATURE AND SIGNIFICANCE OF ANALYTICAL RE- 
iWJTIONS AND THE SYSTEM OF ANALYTICAL GROUPING. 

As explaiiu'd in the Introduction, the object of qualitative analysis 
is to identify the chemical nature of sul)stances, whether alone or in 
association with other substances, in the material under examination. 
This ideiit ilication may be at once effected cither by the observation 
of certain dctifiitc characteristic properties (colour, crystalline form, 
etc.), or hy placing the substance under such conditions as will cause 
it to undmgo alterations, the kind and cotirse of which depend upon 
the chemical natur(i of the substance, are characteristic of it, and so 
may be used for its ident ification. 

Su(;h altt'ratbms may be of either a physical or chemical nature. 
When they are ])roduced by a second substance acting upon that 
under examination a chemical reaction is present. The substance 
used to ])rofluce it is a reagent. In its widest significance the term 
rcacllon is also ajiplied to those phenomena (appearing without the 
ap])lication of reagents) which are used for the idcntilication of 
substances. These arc, therefore, included in the following pages. 

In the majority of cases not elements but chemical compounds 
arc present, and t he solutions of all of these which contain the same 
cation invariably show a large number of reactions in common, 
irrespective of what the anion is in the solution. In like manner, 
substances whose solutions contain the same anion show a whole 
series of similar reactions (sec Sec. 24). 

Again, in the case of metals which can show different valencies 
(and the solutions of which theridorc contain different ions), or 
which are able to form conqilex ions, there are separate characteristic 
reactioii groups for each scries of compounds whose solutions contain 
the same ions. For example," ferrous, ferric, ferrocyanide, and ferri- 
cyanide compounds all show different kinds of reactions. 

• In an analogous manner tj).c different compounds of the same 
metalloid, the solutions, of which contain the same anions, are also 
always characterised by a group of similar reactions, c.g. the suL 
phides, sulphites, and sulphates. 


8 



114 BEHAVIOVR OF SUBSTANCES TO REAGENTS ch. n 


Since, in accordance with the theory outlined on p. 21, ions may 
be assumed to be the constituents of chemical compounds even in 
the molecules, the reactions described in the following pages always 
refer to the ions, even when it is a question of reactions which concern 
the undissociated salt of the particular ion. 

In order to identify an ion by its reactions it is necessary to have 
a knowledge of these, that is to say, it is necessUry to know which 
reactions under definite conditions indicate the presence M tlm ion, 
and the conditions under which the reactions take place, Hen(fe, 
before applying the distinctive methods of rpialitative analysis to 
unknown substances, it is nect'ssary to become acquainted with the 
reactions of the individual ions. 

It requires practical training for the student to become thoroughly 
acquainted with the peculiarities of phenomena and the production 
of the conditions which cause them to oc(mr, because neither of them 
can be adequately explained by a description alone, whilst, on the 
other hand, a full grasp of the numerous individual reactions is not 
possible without a clear understanding of the chemical processes, 
and the arrangement of the reactions in a definite system, which 
facilitates a general survey and brings into prominence the similarities 
or dissimilarities of different classes of substances. For this reason 
the contents of the following chapter must not only be studied, but 
also be tested by practical work in the laboratory. 

The necessary general survey of the reactions is attained by 
arranging the substances, the ions of which show analogies in many 
respects, in groups, so that, on the one hand, the similarity of the 
members of one group with regard to a series of reactions is shown, 
as compared with the behaviour of the members of another group, 
whilst, on the other hand, the differences between the individual 
members of a group may be recognised. 

This classification, in accordance with the properties of value for 
analysis, is the initial stage in the systematic grouping of the 
elements, and is thus a forerunner of the very comprehensive periodic 
system of the elements. This consists of an arrangement of the elements 
in the ascending order of their atomic weights, and a grouping of 
them into periods (see adjoining table). This has the result that the 
elements in the vertical series of the arrangement show far-reaching 
analogies in their properties. But ^lere are also in the horizontal , 
series quite definite co-ordinated relationships. Hence it is possible 
from the position of an element in the periodic system to predict its 
density, melting-point, etc., and, in short, its physical behaviour, as 
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also its valency, its reactions, and its chemical behaviour. Speaking 
generally, this relationship may be expressed as follows : The 
properties of the elements are periodic functions of their atomic 
weights. 

From this the cornel iision might be drawn that the system of 
analytical groups coincides with the periodic system, or is so far 
included therein, that it can be directly deduced’ from the latter (as 
the more comprehensive scheme). This, however is only partially 
the case. 

Whereas in the 'periodic system the toUd charaederi sties of the 
different elements are taken into consideration, jn the analijlical 
system the chief value is assigned to fli(‘ difl'erentiatioii of dilTerences 
of behaviour in respect of one pro])erty to which ])ossibly a sub- 
sidiary ])osition is given in the perio<lic system, as, for example, 
the finer distinctions in the solubility of the sulphides in the case of 
the groups with higher cations.^ 

In any case, it is not sutlicient to take into consideration only the 
analogies which occur in the vertical series, but attention must also 
be paid to the similarities and gradational stages which appear in 
the horizontal series, and especially in the great periods. 

There is no doubt but that in a more extended amplification of 
the signilicance of the grouping of the elements in the jieriodic 
system it will be possible to discover a .'■till closer agreement with the 
clas.sification into analytical groups. 

In order to show the similarities and di.ssiniilaritii's which have 
been observed, the amlijtiad ijroops of cal ions arc indicat'd by a 
Homan numeral, below the usual arrangement of the periodic 
system, in the preceding table of the elements. 

In the case of the anions, the recognition of the corrc.spondence 
betw'een the members of the .same analytical groups and the posit ion 
of the respective metalloids in the periodic system is rendered more 
difficult by the fact that it is a que.stion jiartly of elements occiining 
in an uncombined condition, and jiartly of groups of a metalloid with 
more or less oxygen atoms. Ajiart from that, the grouping of the 
anions is not so important from an analytical point of view as in the 
case of the cations, 

^ With regard to the relationship between the properties of analytical 
importance of the sulphides and the poHitR>n of the elements in question in the ' 
peiiodic system (and in their order of tension), cf. f^hiirman, Liebig's Ann., 249, 
326 ; Bodlarider, ZpaIscIi. 'physiol. Chem., 27, 65 ; 0. Weigel, ibid., 55, 293 ; 
0. Brunner and S. Zawadzki, Zeitsch. anoryan. Chem., 65, 136 ; 67, 464, where 
furthqf references are given, ^ee also Part XL, chap, iii., No. 18. 
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In the following survey of the assignment of the different metals 
to the groups of the analytical system we have arranged the elements 
within each of these groups in the order of their ascending atomic 
weight (as in the periodic system). 

In the subsequent treatment of their behaviour towards reagents 
we have, for didae.tic reasons, chosen a somevvhat different order of 
arrangement, on ffie one hand, by separating the mon', inq)ortant 
elements and those of more fn^quent occurrence from the rarer 
eTements, which need not be studied at first; and, on the other 
hand, by giving prominence, as a rule, to the reactions which elTect 
the shar])est distinction between the members of an analytical group. 
One result of this, for example, has been the arrangement of the 
elements in the first two groups in the order of descending atomic 
weights. This ap])eared to us more suitable, however, than by 
dealing directly, in the case of both groiqis, with the behaviour of 
reagents towards elements with which they produced 710 ])recipitates, 
and thus making a beginner c.ommit to memory the cases in which a 
phenomenon did 7wt occur, while only subsequently learning to 
recognise these elements in their characteristic forms. Apart from 
this, elements are frequently grouped in an order other than that of 
their ascending atomic weights as being more suitable for analytical, 
practice. 

A. Reactions of the Cations. 

The cations of salts, the reactions of which arc described in the 
following pages, are metals ; and with these is included the coni' 
plex ion ammonium, which behaves in all respects as a metal. In 
the first ])lace a general .survey is given of the re.spective metals 
(cations) belonging to the different grmqis. 

The elements of more frequent occurrence or of more practical 
importance arc. printed in italics, and are dealt with more fully in 
the following sections. The rarer elements are enclosed in brackets. 
Their ludiaviour towards reagents is described somewhat more 
briefly. These sections may be omitted at first in the study of 
qualitative analysis. 

The classification into groups is based essentially upon the 
differing solubility of the chlorides in water, of the sulphides in water, 
acids, and ammonium siil])hide, and of the hydroxides, phosphates, or 
• carbonates in water. For the reparation of the groups the following 
reagents are, therefore, used : Hydrochloric acid, hydrogen sulphide, 
ammonium sulphide, am77W7}ia, am.7noniu7n carbonate, and sodium 
ammonium hydrogen phosphate. 
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First Group. 

None of the group reagents produces a precipitate : (Lithium), 
Sodium, Potassium, Ammonium (Rubidium), (Caesium). 

Second Group. 

Sodium ammomwj^i hjdrofjni ])hosphatc, and also, in the case of 
the last tliree members of the group Ammonium Carbonate, produces 
a precipitate, whereas the other group r^'agents do not : Magnesium, 
Calcium, Strontium, Barium, (Radium). 

Third Group. 

Ammonia, and also Ammonium Sulphide, precipitate these metals 
as hydroxides, whilst hydrochloric acid and hydrogen^sulphide do not 
produce a preci])itate : (Beryllium), Aluminium, (Scandium), (Ti- 
tanium), Chromium, (Thorium), (Yttrium), (Zirconium), (Niobium), 
(Lanthanum), ((Vrium), (Praseodynium), (Neodynium), (Samarium), 
(Euro])ium), (Gadolinium), (Terbium), (Dysprosium), (Jlolmium), 
(Erbium), Ytterbium), (Lutetium), (Tantalum). 

Fourth Group. 

A mmonium sulphide ])recipitates the metals as sul])hides. 11 ijdro- 
chloric acid and hydrogen sulphide (in a<-id solut ion) cause no precipi- 
tations : (Vanadium), Manganese, Ferrous and Ferric ion, (hiball, 
Nickel, Zinc, (Gallium), (Indium), (Thallium), (Uranium). 

Fifth Group. 

Hydrogen sulphide ])rccipitates (from acid or alkaline solution) 
and so docs ammonium sulphide the metals as sulphiiles, which are 
insoluble in ammonium sulphide ; some of the substances in Group V. 
are also preeijiitated by hydrochloric acid (First division) ; Silver, 
Mercurous ion, I^ad ; wliereas others are not ])reci])itated (Second 
division) ; Copper (Ruthenium), (Rhodium), (Palladium), Cadmium, 
(Osmium), Mercuric ion, Bismuth. 

Sixth Group. 

Hydrogen sulphide precipitates from acid but not from alkaline 
solution the metals as sulpliides, which are soluble in armmmium 
sulphide: (Germanium), Arsenite and Arsenate ion,^ (Selenium), 
(Molybdenum), Stannous and Stannic ion, Antimony, (Tellurium), 
(Tungsten), (Iridium), Platinum, Gold. 

The general survey of the arrangement cf anions in groups is 
given at the beginning of the description of the individual ions. , 

* Although it almost always occurs in its compounds as anion, arsenic is 
grouj)ed with the cations, because its behaviour towards hydrogen sulphide 
causes it to separate with the cations, and hence it must be taken into con- 
sideration in the systematic investigation of cations. 
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III. REACTIONS OE THE INDIVIDUAL CATIONS. 

First Group. 

Cations of the Alkali Metals. 

Sec. 27. , 

Members of freciuent occurrence : Potassium,* Sodium, (Am- 
monium)., 

^ Members of less frequent occurrence : Ceesium, Rubidium, 
Lithium. 

Characteristics of the Group. 

Position of the members in the periodic system.~All the alkali 
tnetals in the first group of the j)eriodic system, and, with the excep- 
tion of sodium, occuj)yiug tlie loft-liand side (unrelated members), 
are more strongly elec.tropositivci (less noble, see p. 31) in proportion 
as their atomic weight is greater. With the cxc(q)tion of lithium 
they are the most strongly ])ositive elements. Hence they have a 
great tendency to form ions ; their com])ounds are dissociated to a 
pronounce' d extent in aqueous solution (ammonium hydroxide in 
aqueous solution to a much less extent). The hydroxides of the 
alkali metals are, tlierefore, strong bases. Their aqueous solutions 
are termed lyes. The salts of alkali metals with weak acids (p. 25) 
therefore show in a(jueous solution considerable hydrolysis (ammo- 
nium salts to a less extent) (see ]). 28). Hence, owing to their contain- 
ing hydrox}'! ions the aqueous solutions of hydroxides, sulphides, and 
borates of the alkali metals turn red litmus paper blue and turmeric 
paper brown in a marked d(‘gree. The solutions of the salts of the 
alkali metals with strong acids (]>, 19) show a neutral reaction. 

Analytical Character. The hydroxides, sulphides, and salts of 
the alkali nu'tals and of ammonium are all, or nearly all, readily 
soluble in water. Hence, the group reagents, hydrochloric acid, 
hydrogen sulphide, ammonium sul{)hide, ammonium carbonate, and 
phosphate do not produce precipitates in the salts of the alkali 
metals (in the case of lithium salts this only applies to the more 
dilute solutions). 

Special Reactions of the Members op Group I op more 

FREQUENT OCCURRENCE. 

Sec. 28. 

(a^ Potassium, K, 3910. 

1 . Potassium is a monovalent metal of sp. gr. 0’8629 at 0°, melting 
at 62 5°. It is silvery white and unstable in the air, forming by 
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oxidation and attraction of water the white hydroxide, KOH. This 
liquefies on exposure to the air, and the resulting oily fluid rapidly 
absorbs carbon dioxide from the atmosphere, but does not solidify 
in the process. Potassium decomposes water into hydrogen (which 
escapes in gaseous for^n and ignites on contact with the incandescent 
metal) and hydrftxyl ions, while, on its part, it forms potassium ions. 
Potassium burns in the air, forming a mixture ((Tark while hot and 
orange-yellow on cooling) of jmfassium oxide, K^O, and pofdssmm 
'peroxide, K2O2, which attracts moisture from the air, and decomposes 
into potassium hydroxide, oxygen, and hydrogen peroxide. Nearly 
all the potassium salts are soluble in water ; they arc colourless, 
excepting when the anion causes them to be coloured. 

2 . At a low ignition temperature (when heated in a small bulb 
tube over a gas flame) the oxides, hydroxide, and the salts of potassium 
are 'not volatde [distinction f rota ammonium cotnpounds), 

3 . Platino-hydrochloric acid (platinum chloride solution) pro- 
duces in tmdral and acul solutions of potassmm salts a heavy yellow 
crystalline precipitate of potassium platino-chloride, K2pt(%, itn- 
mediatcly in the case of concentrated solutions, hut only after a 
considerable or long time when the solutions are more dilute. No 
precipitates are produced in very dilute solutions. 

2K’+PtCV--K2PtCl6, e.g. 2KCld-n4PtCl6-K2PtCla-!-2nC. 

The precipitate consists of octahedra, which can be recognised 
under the microscope. Alkaline solutions must be acidified with 
hydrochloric acid prior to the addition of the platino-hydrocliloric 
acid. The preci])itate is sparingly soluble in water ; its solubility 
is not a])})reciably increased by the ])resen(.e of free acids. It is 
insoluble in alcohol. Hence platino-hydrochloric acid gives a ])articu- 
larly sharp test for ])otassium ions, if the reaction is made to take 
place in presence of alcohol. The reaction is most sensitive when 
the aqueous solution of the ])otassium salt is evaporated with platino- 
hydrochloric acid nearly to dryness on the wat<^r-bath, and the residue 
then treated with a little water (or ])etter still alcohol, if no substances 
insoluble therein are present), which will leave the potassium platino- 
chloride undissolved. The precipitate must not be mistaken for 
ammonium platino-chloride (Sec. 30 , 5 ). Ixirge quantities of sodium 
salts affect the sensitiveness of the ruction. , 

4. Tartaric acid solution , 1 [CH(OH)QOO] 2 H 2 , produces in a 

' Tartaric acid solutions become mouldy on standing, and should, therefore, 
be freely prepared each time. 
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Ticufral or alkaline i solution of potassium salts a white granular 
crysi alliw precipitate of potassiuw hydrogen /arirrt<e,[CH(0H)C00]2HK 
(or KHC4H4O6), which rapidly subsides. The precipitation takes 
place immediately in concentrated solutions, but often only after a 
considerable time in dilute solutions. No p^eci]utate is obtained 
with very dilute solutions. Vigorous shaking' or stilting of the liquid 
materially ])romotes the formation of th<‘ ])reci])itate. Tt is dissolved 
by alkalis and mineral acids ; it is s])aringly soluble in cold water, 
but fairly soluble in hot water. In testing acid solutions for potas- 
sium ions with tartaric acid, the free acid must first be removed by 
evaporation or jgnition, or neutralised by flie addition of sodium 
hydroxide or car])onate. 

Belter results are obtained by the use of sodium hydrogen tartrate, 
Nadl(l4]l4()(., instead of free tartaric, acid. The reaction shows the 
same ])henomena, but is more sensitive, because no hydrogen ions 
are formed, i.e. no free acid is produced, in which the j)reci]iitaie 
dissolves more readily thaii in water : 

K d |ir-f}iC 4 }i 40 'o> K11C4H4O0-1 II- 

but K- 1 [Na- -l-HC4ll4()V,l -KH(dH406d- Na- 

as, for exam])h'- - 

Kri+TL(:4H40(- KIf(i4H40od llCl 

but KV\\ -NaJlV4H4( )6---K I K '4^1406+ Nat 1 

'I’lie reaction is also more sensitive from the fact, that sodium 
hydrogen tartrate is more strongly dissociated than tartaric acid, 
so that the same fpiantity of hydrogen tartrate ion is ]>resont in a 
small<*r amount of liijuid. 

f). Perchloric acid : yin aqueous .solution of perchloric acid, 1K'104, 
produces in neutral, acid, or alkaline solutions a U'hite crystalline 
precipitate of potassium qmchlorate, KC*1()4. This is sparingly soluble 
in cold water, and practically insoluble in alcohol. It is only slightly 
soluble in acids or alkali hydroxide solution. Ammonium salts do 
not give a juei ijiitate with perchloric acid. 

0. A freshly })re])ared mixture of sodium nitrite .solution (2 c.c. 
of a 10 per cent, solution), cobalt 7 iitratc solution (five or six 
drops) and acetic acid (I c.c.) ])roduccs in a neutral solution of 
potassium salts a yellow crystalline jirecipitate of polas.sium cobalti- 
^ nitrite, K;5|Co(N02)oJ,^ or of double salt of sodium and ])otassium, 
NaK2LCo(N02)6 1 or Na2K| Co(J?02)6]. In concentrated solutions the 

^ In tlie case of alkaline solutions the reagent should be added until the 
reaction is strongly acid. 

* For particulars of the properties of the precipitate, sec Cohalt, Sec.,(H), IC. 
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precipitate appears immediately, but only after some time in dilute 
solutions. It is also obtained even in tbe presence of large quanti- 
ties of sodium salts. When the latter are present this reaction is 
to be preferred to that with platino-hydrochloric acid. 

Before applying tjie test, alkaline solutions should be rendered 
just acid with acetic acid, and acid solutions freed from acid by 
evaporation, or when this is not practicable, they*should be neutral- 
ised with sodium carbonate. Ammonium salts give a similar re- 
action, but only in concentrated solution. When it is a question df 
detecting small amounts of potassium, L. T. Bowser {Clieni. Zcntralbl., 
1910, II., 765 ; and 1911, II., 1838) recommends the addition of an 
equal volume of alcohol, which should cause an immediate pre- 
cipitation. Ammonium salts must first be removed. 

According to Burgess and Karnm (Chem. Zctdralhl., 1912, II., 808), 
the addition of a small amount of silver nitrate increases the sensitive- 
ness of the reaction. The ])reci])itate consists of AgK 2 CO(N 02 )o 
or Ag 2 KCo(N 02 )o. Obviously the reaction can only be used in 
solutions free from chlorides. Other metals, e.vcept sodium, must 
not be present, since other double compounds of silver with cobalti- 
nitrite are also only sparingly soluble. 

7. An alcoholic solution of sodium bismuth thiosulphate gives, even 
with minute quantities of potassium salts a yellow precipitate of 
potassium bismuth thiosulphate.^ The })resence of the chlorides of 
ammoniun\,^ sodium, calcium, or magnesium does not interfere with 
the reaction. 

For the })reparation of the reagent (which cannot be ke]jt without 
decomposition) 7'7 grms. of sodium thiosulphate are dissolved in 
50 c.c. of water, and 5 grms. of bismuth nitrate with the smalbst 
possible quantity oi hydrochloric acid also in 50 c.c, of water. Fqual 
volumes of the two solutions are mixed (1 to 2 drops of each), 10 
to 15 c.c. of absolute alcohol added, and then suflicient water to give 
a clear solution. To this is added drop by drop the liquid to be 
tested for potassium (Carnot, Bcr., 9 , 1434 ; Campari, Zeitsch. anal, 
Chem., 23 , 6 ; Pauly, 36 , 512). 

8 . Silicohydn-ofluoric acid, Il 2 SiF 0 , added in excess to a solution 
of a potassium salt produces an almost transparent gelatinous 
precipitate of potassium silicofluoridc, KaSiFo. The solution must 

1 The senBitivenesa of the reaction depAds mainly upon the proportions of 
alcohol and water in the liquid. Pauly was able to*dctect 0 00006 grra. of CKl 
with certainty. 

* We are unable to confirm the statement that ammonium chloride prevents 
the occwrenco of the reaction. 
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not be alkaline or the silicofluoride ion will be decomposed, with 
the separation of silicic acid : 4Oir4-SiF"0=Si(OH)4-f 6F'. This 
precipitate might be mistaken for potassium ion. 

9. The usual reagents for alkaloids, ficrw ami (or sodium picrate), 
sodium fhos'photuyKjstatc, and phospliomolyhdic (on heating with 
the solution and subscqucmt cooling) all j)roduce» preci])itatcs in 
solutions of jmtassium salts, that produced by picric acid being yellow 
and that by phos])hotungstic acid white and crystalline. The 
precipitate ])roduced by ])hos})]iomolybdic acid is formed, es])ecially 
when only a small amount of potassium salt is ju-esent, as a yellow 
deposit on the sirjes of the vessel. 

10. Dipotassium hydrogen pyro-antimonate (See. 29, 3) produces 
no precipitate in neutral or alkaline solutions of potassium salts, 
(Distinction from sodium.) 

11. At a strong ignition heat potassium salts volatilise, and 
the more readily in ])ro))ortion to the volatility of their anions (cf. 
p. 91). lienee the// volatilise in a (jas or s/unt jhune, to which they 
impart a bluish-violet coloration. 

In order to ])ro(lu(‘e the reaction a small (piantity of the solid 
substance is introduced on a loop of platinum wire into the fusion 
area of a gas flame ^ (Fig. 2(5, ]>. 81), or its solution is blown into 
the flame from a s[)raying ap]>aratus (Kigs. 37 and 38, p. 98). Spirit 
flame colorations may also be ])roduced liy heating a potassium salt 
(preferably jiotassium chloride) with a little water, adding spirit 
which burns with a colourless flame, and igniting the mixture. The 
jircsence of a sodium salt completely masks the potassium coloration. 
The use of light filters (cobalt glass or indigo or jH*rmanganate prisms, 
Sec. 22), will eliminate the disturbing influence of sodium, calcium, 
and lithium compounds. Any organic substances jiresent, which 
would make the flame luminous, must be removed liy a preliminary 
ignition. The use of the s})ectroscope is much more certain (Sec. 22). 

The spectrum of the potassium flame is repn'sented in Table I. 
It contains two characteristic lines, the red a (7(i9'9/A/i.) and the 
indigo-blue jS (iOi'ipp). 

12. For details of the microehemical defection of potassium, see 
Haushofer, Mikroskopische Beakiihjien, p. 55 ; Behrens-Kley, 
Mikrochemische Analyse, 3rd cd., p. 20 ; Schoorl, Zeitsch. anal. 

48 , 001, 009 ; Frey, f/wd. ., 32 , 204 ; Huysse, 39 , 9 ; Bor- 
korny, Chem. Zeniralbl., 1913, 1., 040. 

' Decrepitating salts are previously fused in a platinum spoon. 

* Other light filters are nicoininonded by Alois Herzog, Chem. Zeit., 42 , 145 ; 
Zeitsch. ami. Chem., 57, 373. * 
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Sec. 29. 

(b) Sodium, Na, 23 00. 

1. Sodium is a monovalent metal of sp. gr. 0‘972 at 0°, and with 
a melting point of 97^:()”. Its colour is silvery white. It is unstable 
in (moist) air, 'Und behaves in an analogous manner to that of 
potassium in forming white sodium hydroxide, NaCfH. It decomposes 
water without igniting the liberated hydrogen. Sodium hydroxide 
liquefies on exposure to air to an oily Iluid, which soon becomes solid 
again through tlie absoiqition of carbon dioxide and formation of 
carbonate. Cr\-stallised sodium carbonate, NaoC03^10Il20, rapidly 
effloresces when exj)os('d to the air, as does also the sulphate Na2S04 
-flOIIoO. Sodium cliloride dissolves more readily in water than 
in concentrated liydrocliloric, acid, since the solubility juoduct 
[Na’ ] . [Crj is obviously formed, even in the case of lower Na* concen- 
trations, by the excess of (T ions (p. 33). Speaking generally, the 
sodium salts behave (*ssentially in the same manner as potassium 
salts. 

When sodium burns in the air sodium oxides arc produced, notably 
the white peroxide, Na202. 

2. Sodium compounds do not volatilise at a low ignition tem- 
perature. 

3. A saturated solution of dipotassium dihydrogen pyro-anti- 
monate ^ produees iu suffixinidi/ eo7ieenl rated neutral or alkalwe 
solutions of sodium salts a v'lufe eri/stallinc precipitate of disodium 
dihydrogen pyro-antimonatc, Na2H2Sb207-|-()Il20. This reaction 
is best carried out in a clock-glass. The ])recipitate (owing to its 
being invariably crystalline) does not form immediately, and at 
first only a slight turbidity is usually produced, but on rubbing the 
glass below the liquid with a glass rod the preci]>itate rapidly 
separates, and is deposited first of all upon the rubbed places in the 
form of a heavy sand-like powder. 

The .salt only separates after a long time (e.r/. in 12 hours) from 
dilute solutions of sodium salts, and not at all from very dilute 
solutions. The separated sodium jiyro-antimonatc is invariaUy 
crystalline. When slowly deposited it sometimes consists of well- 
formed microscopic tetragonal pyramids resembling octahedra, but 
more often of tetragonal pyramidal^pointed prisms ; when rapidly • 
precipitated it has the form of small boJit-shaped crystals. The 
presence of a large (Quantity of potassium salts has a very considerable 
1 With regard to its preparation, see p. 1 • 2. 
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influence on the reaction. Acid solutions cannot be tested with 
dipotassiuin dihydrogen pyro-antimonate, since free acids liberate 
pyro-antimonic acid, (H 4 Sb 207)5 from the latter. Hence, whenever 
possible, free acid must bo removed by evaporation or ignition, or, 
if this is not practicable, by adding suflicient jpotassium carbonate 
to produce a faintly alkaline reaction before addi*ng the reagent. 
In neutral solutions the presence of ammonium salts of strong acids 
also causcis a separaton of pyro-antimonic acid after a short period 
ot standing. This is d»ie to the fact that ammonium salts undergo 
hydrolytic dissociation, and that their solution through evaporation 
acquires an acid reaction. A further ])recaution is that only solutions 
which contain no other cations than tliosc of sodium and potassium 
and, under certain conditions, of ammonium, must be tested with 
dipotassium dihydrogen ])yro-antimonate. 

4. Platino-hydrochloric acid, tartaric acid (or sodium hydrogen 
tartrate), perchloric acid, sodium bismuth thiosulphate, sodium 
picrate,'^ phospholumjstic ucu/, and sodium -phosphonioltjhdate give no 
preci])itates with sodium salts m aqueous solutioji. 

5. A mixture of bismuth nitrate a!ul potassium nitrite (slightly 
acidified with nitric acid), to wliich a little e'vsium nitrate has been 
addl'd, ])roduces in solutions of sodium salts a yellow crystalline 
precipitati^ with the composition 5Bi(NO2)3.9CsN(H.0NaN()2. It is 
a very sensitive reaction, and only a /iV/h’ of th(‘- solutimi under ex- 
amination need be used. Heavy metals interfere with the test. W, 
Craven Ball, Vhem. Zeniralbi, 1910, 1., 1, 705 (ef. also Sec. 52, p. 154). 

0. When sodium salts are introduced into the fusion area of the 
flame of a Bunsen burner or spirit lamp volatilisation taki's place, as 
in the casi; of jiotassium salts. Sodium salts arc somewhat less 
volatile than the corres]>onding ])otassium salts. The intense yellow 
flame eoloraiion which ajijiears when sodium salts are volatilised is 
exlremehf eliaraeleristie ; it enables the spiallest (piantity of a sodium 
compound to be detected, and is not affected by considerable quan- 
tities of potassium salts. 

The spectrum of the sodium flame (Table 1.) shows, when ex- 
amined with an ordinary spectroscope, only one yellow line a. But 
by the use of apparatus with greater dispersion it is recognised that 
the yellow stripe consists of two distinct lines (r)89'Gp/<. and 589 Opp) 
• quite close to each other. The Reaction is so extraordinarily sensitive 
that, as a rule, the ordiiiary salt in the atmospheric dust is suflicient 
to produce a sodium spectrum, if only a faint one. 

^ Sodium carbouato is preci])itatod by soihum picrate. 
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7. With regard to the microchemical detection of sodium, see 
Haushofer, Mikroskopische ReaUionen, ]). 98 ; Behrens- Kley, 
Mikrochemische Analyse, 3rd ed., p. 31 ; Schoorl, Zeitsch. anal. Chem., 
48 , 604 ; Lenz and Schoorl, ibid., 50 , 263 ; Frey, ibid., 32 , 204. 

Sec. 30. 

♦- 

(c) Ammonium, NH^. 

1. Ammonia, NH 3 , at the ordinary tem])erature, is a colourless 
gas with a penetrating odour. At a lower temixa-ature and under 
high pressure it is condensed to a colourless, mobile lirpiid, with a 
strongly refractive action on light. 

Ammonia gas dissolves very readily \n water. This solution 
shows an alkaline reaction towards litmus, turmeric, and other 
indicators, and thus contains hydroxyl 10 ns and, as cation, the 
ammonium ion NH ^. ^\llen dissolved in water there is an immediate 
addition of one molecule of water, whereby the nitrogem atom is 
transformed from the trivalcnt into the pentavalent condition : 
NH 3 -l-ll 2 ^^— NJH' 44 -OIF)- ddie solution contains, 
however, considerably less free hydroxyl ions (is faintly alkaline) 
than corresponds to th.e amount of ammonia gas in solution. This 
may be due either to the fact tliat amniorueni, kydrodde is only 
slightly dissociated, or that a part of the ammonia is simply dis- 
solved unaltered, without combining chemically with the water. 
Ammonia combines with acids by addition to form ammonium salts, 
e.g. NHa-f HCI-NH4CI (or NII ^+CT). 

The monovalent group ammonium. Nlf 4 , behaves in every respect 
in an analogous manner to that of a metal, which must closely 
resemble potassium. Ammonium is unknown in the uncombined 
condition, but an alloy with mercury, an ainmoiiium amalgam can 
be prepared. 

2. Ammonium salts are all at a low ignition temperature, 

and subside again on cooling in the forjn of sublimutes (p. 55 ). 
During the volatilisation there is always a partial decomposition of 
the salt into ammonia and free acid (p. 13). If the latter only 
volatilises with difficulty, as e.g. phosphoric acid, practically only 
the ammonia escapes. In this case little, if any, sublimate is formed. 

3. Ammonium salts are nearly all readily soluble in water. The* 
solutions are colourless, except when the ^nion causes them to be 
coloured. Ammonium salts are strongly dissociated in aqueous 
solution, and hence the solutions of the salts with strong acids show 
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a neutral reaction (p. 26). The salts of weak acids, e.g. ammonium 
carbonate, undergo partial hydrolytic dissociation (p. 28) ; they 
have an alkaline reaction and smell of ammonia. 

On boiling aqueous solutions, and even on evaporating them, a 
partial hydrolytic dissociation into ammonia and a(;id occurs, even 
in the case of the ammonium salts of strong acids.. The ammonia 
evaporates to a gibater extent than tin; acid, so that the reaction 
becomes acid. 

* 4. Whvn amimnium mUn arc Iriturulcd wilh slaked lime (calcium 
hydroxide), preferably with tlie addition of a few drops of water, or 
. when th(!yar(! heated in solid form or solution with potassium hydroxide 
or sodium hydroxide solution, the amnioaia is liberated in gaseous 
form, and may lx* idt'ntified firstly by its odour, secondly by its 
read ion on moistened test paper, and thirdly by the fact that it 
produces irhile finnes when brought into contact with an object (a 
glass rod) moistiMKHl with hydrochloric, nitric, or acetic acid, or in 
fact with an}' volatile acid, d'hesc fumes are due to the formation 
of solid salts wlu'ii th(‘ gases nu'ct in the air. Hydrocldoric acid 
gives the most sensitive reaction, but acetic acid is less liable to lead 
to a mist ahe. 

If the ammonia is (‘X|)(*lled in a small beak(*r, ])referably by 
means of calcium hydroxide in presence of a very little water, and 
the beaker is covined with a clock-glass to the centre of the convex 
side of which a piec'c of moistened turmeric, jiaper or litmus paper 
is attached, it is ])ossible to detect even minute (juantitics of 
ammonium ; but in this case the reaction does not take jilace at once, 
but only after some time. It is accelerated by gentle heating. 
Care must be, taken t hat the moist reagmit pajier does not come into 
contact with particles of calcium hydroxide (cf. also 12). 

5. Platino-hydrochloric acid behaves towards ammonium salts 
in the same way as towards [lotassium salts. Th(‘ njsulting yellow pre- 
cipitate of ammonium platinochloride, (NH 4 ) 2 kt(\, is composed, like 
the corresponding potassium compound, of octahedra, as can be 
seen under the microscojie, 

6. Tartaric acid solution precipitates, after some time from very 
concentrated neutral solutions of ammonium salts, a portion of the 
ammonium as ammonium, hydrogen tartrate, (NH 4 ) 1 IC 4 H 40 (}, but 
•solutions which are at all dilute^o not yield a precipitate. Sodium 
hydrogen tartrate solution effects a more complete Jirecipitation 
from concentrated solutions, and even produces a precipitate in more 
dilute solutions. Ammonium hydrogen tartrate is a white cryst^^lline 
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precipitate ; shaking and rubbing the sides of the glass vessel promote 
its separation. It behaves towards solvents in the same way as the 
corresponding potassium salt, excepting that it is somewhat more 
soluble in water and acids. 

7. Picric acid, sodium tungstate, and pJiosphomolyMic acid have 
an analogous action upon ammonium salts and potassium salts. 
The cohaltonitrite reagent (cf. Sec. 28, G) gives^ with concentrated 
solutions of ammoniuni salts a precipitate similar to that obtained 
with potassium salts. 

8. Perchloric acid gives no ])recq)itate with solutions of ainiuo- 
nium salts. (Distinction from potassium.) 

0. Dipotassium dihydrogen pyro-antimonate does not produce a 
crystalline, precipitate with ammonium salts. (Distinction from 
sodium ; see, however, p. 125.) 


Mercurous and inorcuric salts wIk'Ii added to solutions eontaUiiiig 
ammonium ions produce various rouiplex compounds, some of which are 
of importance for the det<!ction of small (piantities of the ammonium ion. 
All these compounds may be icj^'ardcd as ammonium salts (containing, 
therefore, the N in pcntavalcnt condition), in which the hydrogen atom is 
w'holly or partially replaced by mcicuiy, or as double salts of mercury, in 
which, in addition to another anion, the monovalent radicle amide NH, 
(containing the N in a trivalent condition) is pre.sont. In the explanation 
of the following reactions, numbered 10 to 12, we liave adopted the former 
hypothesis. 

10. Nesskr's reagent ’ (an alkaline solution of mercuric potassium iodide) 
produces in a liquid containing ammonia or an ammonium salt a red-brown 
precipitate (or in very ddute solution only a yellow coloration, which at the 
extreme limit of dilution may only appear after a consideiablo time). 
This precipitate consists of dimercune ammonium iodide, NHg.J 1 140 




-H 1L,0 or 0^ 


/Hg . 


\ 


Hg 


/H 

1 


The reaction takes place in accordance with the equation 

2tIgK24 I 3KOH 1 NI 40 H^(NHgJ hI40) I 7K1 | 


1 This is prepared by dissolving 35 grms. of potasBium iodide and 13 grins, 
of raercurio chloride in‘87(X) c.c. of water, the liqmd being heated to boiling 
and stirred until a clear solution is obtained. To tbia is added, drop by drop, a 
cold saturated solution of mercuric chlonV.o until a permanent precipitate begin^ 
to be formed. At this stage 100 grms. of potassyim hydroxide or 120 grms. of 
sodium hydroxide are added, and the liquid diluted with water to 1 litre, and 
after the addition of a little more mercuric chloride solution, allowed to settle. 
The f lear solution has only a slight yellowLsh colour. 
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Warming the liquid promotes the separation of the precipitate, Cya- 
nidesf&ulphides, and hydrocarbonates of the alkali metals, as also free carbon 
dioxide, interfere with the reaction. It is also prevented by the presence 
of soluble salts of alkali metals, and, in general, of sucli substances as form 
precipitates with alkali hydroxides. 

Nessler's reagent is especially used in testing natu^-al waters for anin)o- 
nium. For particulars reference may be made to Part 41., Chapter II,, 
Sec. 168. • 

11. A fe\r drops of a solution of mercuric chloride produce in aqueous 
sokitions of ammonia or ammonium carbonate, even when very dilute, a 
white precipitate of mercuric ammonium chloride, NHoHgtd : 

Hg 

N 

H 

Cl 

In the case of exceedingly dilute .solutions no turbidity is produced, but 
on adding a few drops of potassium or sodium carbonate solution a white 
turbidity or opalescence is obtained aft<>r a few minutes, even when the 
dilution has been carried to an extreme limit. This reaction occurs when 
water which contains a trace of a ncutial ammonium .salt is treated with a 
few drops of a solution of mercuric chloride and a few drops of a solution 
of potassium or sodium carbonate. The jirecijiitate which separat-es on 
the addition of alkali carbonate has the compo.sition 

/ /“\ 

NllgoCl I H/) O' }N^ Cl I 

\ Hg/ \I1/ 

Caro must be taken when adding the mercuric chloiide and alkali carbonate 
that the amounts of these are not sunicient to cau.se a yellow precipitate of 
mercuric oxide to bo formed (Pohlig, Schoyen *). The reaction has also 
been recommended for the examination of natural watens. Ferraro - calls 
attention to the fact that in this case, under certain conditions, water free 
from ammonium ion may also yield white prccijiitates of mercuric hydroxide 
or oxychloride, or of a double carbonate of mercury and calcium, but that 
these may be distinguished from mercuric ammonium chloride by being 
considerably more soluble in acetic acid. 'I’lio reaction, unlike that 
obtained with Nessler’s reagent, also tako.s place in alcoholic solutions (De 
Koninek ■*). 

12. On adding a solution of mercurous nitrate to a liquid containing free 
ammonia or ammonium carbonate, a black (or in the ciiae of very dilute 
solutions a greyish- white) precipitate is obtained. This is a mixture of the 
precipitate produced by mercuric coinpoimds (see 1 1 ) with metaUic mercury 
(pee 8ec. 71, 6). 

‘ Zfitsch. anal. Uhvm., 2, 330. 

* Boll. Chim. Farm., 39, 797 ; Chem. Zentralhl., 1901, I., 203. 

® Chem. Neios, 69, 220 ; Chem. Zentralbl.t 1894, I., 1090. 


9 
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Hence, if the ammonia liberated according to (4) is brought into contact 
with a glass rod moistened with mercurous nitrate and introduced into the 
test-tube, or with a drop of the solution suspended from the convex side 
of a clock-glass covering the beaker in which the ammonia is being 
developed, or with a strip of paper moistened with the reagent and placed 
beneath the clock-glass, the drop or the paper strip will become grey or 
black. This method of applying the test may bo recommended, because 
the presence of large quantities of salts may influence or prevent the reaction. 

13. If a few drops of a 10 per cent, solution of potaasium i/xlide and a 
drop of a saturated solution of sodium fn/pochhrile {Eau de Javdle) are 
added to a solution containing ammonia or an ammonium salt, a black 
precij)itatc of nitrogen iodide is obtained : 

2NH4Clt2KI ] 2(U)Xa XHl, ' NH3 ! 2K(’l 1 ‘^Nad j 2H2O 
or 2NH-4 ! 21' 2(10' XHl., | XH., : 2(1' | 2H,,() 

'rhe reaction is very sensitive (Trillal and Turclu't '). 

1 4. On adding lO to 15 drojis of a solution of jiaraiiitro-azobeuzene ^ to 
10 c c. of the solution to be tested for ammonia or an ammonium salt, 
shaking the tube vigorously, and slowly adding, drop by drop, 10 per cent, 
sodium hydro.xide solution, a reddisli-yellow cloud is obtained, which, on 
further shaking, imparts a yellow' to red colour to the solution. The 
addition of sulphuric acid in excess decolorises the solution and causes the 
separation of miiToscopic, yellow needles. The reaction is very si^nsitive, 
and is obtained with all substances which yield ammonia under the action 
of alkalis (Ricgler^). 'Fhe reaction is based upon the formation of the 
coloured ammonium salt of p-nitrophenylnitrosaminc. 

For further reactions for the detection of small quantities of ammonia, 
especially in the air, see Zalsrh. uned. ('hem., 21, 560; 39, 577 ; (Viem.. 
ZenimVi, 1912, 11., 1397. 

15. For the niicrocheniical detection of the ammonium ion, 
reference may he made to Haushofer, MikroskopiscJie Rmktioneti, 
p. 13 ; and Bchrens-Kley, iMikroidtew. Analyse, 3rd cd., p. 36. 

Sec. 31. 

Summary and Remarks on Group /. 

1. The detection of pota.s.sium ions is only po.ssible by means of 
most reagents when ammonium ions are not also present. The 

* Complex rend., 140 , 374 ; Chem. Zentralbl., 190.5, 1., 832. 

2 The reagent is jircparcd by healing 1 grni. of paranitroaniline with 20 c.c. 
of water and 1 c c. of hydrochloric acid, diluting tne resulting solution (with 
vigorous shaking) with 160 c.c. of waO'r, and, atO-r cooling, adding 20 c.c. of a 
2-5 jier cent, solution of sodium nit rite ;»and shaking the fla.sk until overythirfg 
has dissolved. The reagent becomes turbid aft<T|ome time, but may be rendered 
fit for use again by filtration. 

® Chem. Zeil., 21, Itep. 307. 
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presence of ammonium salts also interferes with the detection of the 
sodium ion by means of dipotassium dihydrogen pyro-antimonate. 

Hence, before testing for potassium or sodium, any ammonium 
salts present must be removed by gentle ignition, until visible vapours 
no longer escape. (The detection of ammonium salts may be 
readily effected, even in the presence of potassihm apd sodium salts, 
by liberating the jwnmonia by means of calcium hydroxide.) The 
residue fro.il the ignition is dissolved in the smallest possible quantity 
(A water. Owing to the relatively great solubility of the salts which 
serve for the detection of the alkali metals, all reactions for alkali 
ions {ire only obtained with certainty in concentrated solutions. A 
decision may tlftis be reached with one dro]) of a concentrated 
solution, whilst the result may often be uncertain with a large amount 
of a dilute solution. The detection of sodium is effected by means of 
dipotassium dihydrogen pyro-antimonate, close attention being paid 
to the conditions of the reaction, and the nature of the precipitate 
(cf. Sec. 2h, 3). The potassium ion is detected by means of platino- 
hydrocliloric acid, or sodium hydrogen tartrate, or, better, in presence 
of a large excess of sodium ion, by means of the cobaltonitrite reagent. 
If the potassium ion is to be detected in the presence of ammonium 
ion perchloric acid is used. 

2. Potassium is most easily identified in potassium platino- 
chloride, perchlorate, and hydrogen tartrate after a preliminary 
decomposition of these salts by gentle ignition. The platinum 
compound (the decomposition of which is facilitated by the addition 
of a little oxalic acid) and the perchlorate yield jiotassium chloride, 
whilst [)otaasium hydrogen tartrate yields sodium carbonate. Potas- 
sium cobaltinitrite yields, on ignition with sulphuric acid, potassium 
sulphate and cobaltous sulphate. For the direct detection of 
potassium in potassium iodide, tartaric acid or sodium hydrogen 
tartrate are more suitable than platino-hydrochloric acid or the 
cobaltonitrite reagent, since the addition of the former produces 
a deep red coloration, due to platinic iodide and free iodine, which to 
some extent conceals the separation of the potassium })latino-chloride, 
whilst nitrites decompose iodides in the presence of acids, with the 
separation of iodine. 

3. When small quantities of sodium ion are to be detected in 
.the presence of a large amount of potassium ion, the latter is first 

separated by means of platino-hydrochloric acid, the platinum 
removed from the filtrate by moans of hydrogen sulphide, the filtrate 
from this ])recipitate evaporated to dryness, the residue gently 
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ignited and dissolved in a little water, and the solution tested with 
dipotassium dihydrogen pyro-antimonate. 

4. The potassium and sodium ions may be readily detected with 
very much more speed by means of the flame colorations than 
by the wet method, and the test is infinitely more sensitive. The 
sodium colorati 4 >n, however, completely masks the potassium colora- 
tion, even when only a small quantity of sodiuHi is present ; but 
when a spectroscope is used, the spectra of both metals* appear so 
sharply and clearly that a mistake is impossible. The presence ef 
sodium chloride intensifies the strength of the potassium fines up to a 
proportion of 100 of sodium chloride to 1 of potassium chloride ; but 
in presence of a larger proportion of sodium chloride* the sensitiveness 
of the spectroscopic detection decreases again (Gooch and Hart). 

If a spectroscope is not available the colour of the potassium 
flame may be easily recognised, even in an intense yellow sodium 
flame, by the aid of a glass prism filled with a solution of indigo or 
potassium permanganate, by means of the light filters recommended 
by Herzog (see p. 123, footnote 2), or by means of blue glass. 

Skc. 32. 

Special Reactions of Members of tue First Group of Less 
Frequent Occurrence. 

1. Csesium, Cs, 132-81, and 2. Rubidium, Rb, 85-45. 

The compounds of caesium and rul)idium, especially those of tho 
latter, are widely distributed in nature, but only in very small quantities. 
They have been found in the mother liquors of many mineral waters, and 
in a few minerals (lopidolite, camallite), eapsium in greater quantity in 
pollux, and rubidium in beetroot molasses and plant ashes. 

Ccesium and nthidium are silvery-white metals closely resembling 
potassium in all their characteristics. Tho melting ])oint of caesium is 
26*4°, that of rubidium 38-5° ; the sp. gr. of caesium is 1-88, that of rubi- 
dium 1-52. Speaking generally, the compounds of caesium and rubidiui.i 
are very similar to those of pota.ssium. Thus, they are precipitated from 
their aqueous solutions by 'phtlino-hydrocUmic mid, and their volatile 
compounds also impart a violet coloration to a non-luminous llame on 
ignition. With regard to the solubility of tho salts of potassium, rubidium, 
and caesium, it may bo stated that as a general rule the solubility of the 
simple salts increases with tho rise in atomic weight from potassium to 
caesium, whilst in the case of tho comply salts it decreases from potassium ' 
to capsium. Hence tho precipitates given by ^caosium and rubidium with 
platino-hydrochloric acid are far more insoluble in water than potassium 
platinochloride. For example, lOU grrns. of water at 10*^ will dissolvq 



SEC. 32 CMSWM—RVBIDIVM 133 

900 mgrms. of potassium platiuocliloride, but only 154 mgrms, of rubidium 
platinochlorido, or 50 mgrms. of caesium platinocliloride. The alums also 
show groat differences in their solubility in cold water. Thus, 100 parts 
of water at 17'^ dissolve 15 0 parts of potassium alum, 2-27 parts of rubi- 
dium alum, and 0*019 part of caesium alum. ^ 

The metals are most re^adily distinguished from eacU other and from 
potassium by the A,et that fianuis colon i*cd by ciesium and rubidium 
compounds yield upecha quite dilTerent from the potassium spectrum 
(Table [.). In the e.esium spectrum the two blue linos a 455*.5/x/x and 
^ 459‘5^/i., which are extraordinarily sharp and distinct, are particularly 
characteristic ; whilst adjoining them is also to be nok'd the less prominent 
line y G01*0ji^/x. Jji the rubidium spectrum the beautiful indigo blue lines 
a 420*2 /li/i and ^ 42l0/x/i of extraordinary intensity first catch the eye; 
less intense, but still more characteristic, are the red hues y 020‘7jLtjLt and 
8 629*9/x/x. When both alkali metals are to bo s[)ectro8copically identified 
in the presence of each other, the chlorides, not the carbonates, should bo 
chosen, since in the case of the latter the rubidium spectrum does not 
always appear distinctly in association with the cjesiuiu spectrum (Allen ; 
Heintz). Lastly, it should be mentioned that caesium carbonate is soluble, 
whilst rubidium carbonate is insoluble in absolute alcohol. It is diflicult, 
however, to effect a separation in this way, since the two metals appear 
to form a double salt which is not entirely insoluble in alcohol. A better 
method of separation is by means of the hydrogen tartrates, that of 
rubidium being soluble in 8 5 parks of boiling water and in 84*57 parts at 
25'^ ; whilst casiiim hydrogen tartrate dissolves in 1*92 part of boiling 
water and in 10 52 paits at 25"^ (Allen), and potassium hydrogen tartrate 
requires for solution 1() parts of boilmg water and 77 parts at 25'^. The 
most trustworthy process of si'parating potassium and rubidium from 
caesium is based upon the above-mentioned insolubility of the complex 
salts of cajsium and heavy metals, and the two following methods depend 
upon this property. 

a. The concentrated solution of the salt is treated with a solution of 
antimony tri(;hlorido in strong hydro(!hloric acid, and the precipitate of 
caesium chloride antimony chloride, 5C8Cl,28bCl3, which scjiarates imme- 
diately, is collected on a toughened filter and washed with strong hydro- 
chloric acid. All other alkali metals, including ammonium, are not pre- 
cipitated, but are found together with antimony trichloride in the filtrate 
(Godeffroy ^). 

h. The hot concentrated solution of the salts containing a considerable 
amomit of strong hydrochloric acid is treated with staimic chloride, and the 
precipitate of cajsiurn chlorostannate, C82SnClQ, collected on a toughened 
filter, washed with strong hydrochloric acid, and dissolved in boiling water 
•containing a little hydrochloric acic^ It is again precipitated with concen- 
trated hydrochloric 'acid, separated, and again washed with strong hydro- 
chloric acid. The filtrate will contain the rubidium and any potassium 


1 Ber., 7, 376, 
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present, together with the excess of stannic chloride. Any ammonium 
that may be presort, however, will be found as ammonium stannic chloride 
in the precipitate. Hence, ammonium salts must bo removed beforehand 
(F. Stolba).^ 

For differentiating between csesium and rubidium on the one hand, 
and potassium 01 / the other hand, use may be made of W. Ball’s observa- 
tioji,^ that a complex niti'ate of bismuth, sodium, and 6no of the two metals 
is formed when a little of the solution is added to a very largt? excess of a 
solution of 10 grms. of bismuth nitrat-e and 50 gnus, of sodium nitrite 4n 
100 c e. of water acidified with a few drops of nitric acid. In the presence 
of caesium or of rubidium a yellow erystalline precipitatci is produced 
(cf. Sec. 29, 5). 

5Bi(N02)3.9C8N02.6NaN()2, or Bi(No 2 ) 3 . 2 HbN() 2 .NaN ()2 

For the microscopical detection of ea'sium and rubidium, leference 
may be made to Haushofer, Mikro.skopisrhe Renktionau , p. 31 ; Behrens- 
Kley, Mihrochem. Analyse^ 3rd ed., pp. 37 and 38 ; K. Deniges, Chem. 
ZerUrM., 1917, 11., 648. 


3. Lithium, Li, 6-04. 

1. Lithium is widely distributed in nature, but not in large quantities. 
It is frequently met with in the analysis of mineral waters, saline mother 
liquors, and plant ash, but not often in the analysis of technical and pharma- 
ceutical products. In accordance with the general tendency of the 
elements in the first horizontal series of the periodic system to ajiproximato 
in their characteristics to the elements occupying the follotring vertical 
position, lithium forms the transition element between the first and second 
analytical groups. 

Lithium is a silvery- white elastic metal of sp. gr. 0’534, and melts at 180”. 
It decomposes water, and becomes oxidised in moist air. Lithium oxide, 
Li 20 , dissolves with difficulty in water, and docs not become moist on 
exposure to air. 

2. Most lithium salts are soluble in water, some (lithium chloride) 
deliquescent. 

3. Lithium carbonate dissolves with difficulty. Its solubility increases 
as the temperature rises. In water containing carbon dioxide it is readily 
soluble as hydrocarbonate, oven in the case of solutions which contain the 
chlorides of the other alkali metals or of ammonium. The precipitability 
of the lithium ion by means of ammonium carbonate is, therefore, not 
important for the detection of lithium, but mus* bo noted, since lithium 

* Zeitsch. anal. Chem., 12, 440. Godefroy {he. cit.) points out that rubidium 
ion also yields with stannic hydrochloric acid a cblorostannato, which dissolves 
with difficulty in hydrochloric acid. Cossa also obtained unfavourable results 
by Stolba’s method, and recommends Godeffroy’s proce.s8. Zeitsch, anal, Chem,, 
17, d^O, 

* Chem* Zentrahl,, 1910, 1., 766. 
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may be partially precipitated together with the carbonatcH of the second 
group. 

4. Disodium hydrogen phos'phale produces in not too dilute solutions 

of lithium salts, at the boiling temperature, a white crystalline precij)itate 
of normal lithium phosphate, 2Li3L\)4 which rapidly subsides. This 

characteristic reaction for lithium is rondercd far nuA-e sensitive by adding 
to the solution coukiining the lithium salt disodiuin liydrogen jihosjihate 
and sutlieiert sodium liydroxido to render it alkaline, and evaporating it to 
dryness, moistening tlie residue with water and adding an eipial volume of 
ammonium solution, under which conditions even a very small amount 
of lithium separates as 2 Li 3 P 04 | HJ). The precipitate miilts over the 
blowpipe llamc, yields transparent beads when fused with sodium carbonate, 
is absorbed by charcoal, dissolves in hydrochloric acid to a liquid which, 
when diluted and treated with (*xcess of ammonia, remains clear in the 
cold, but on boiling yields a heavy crystalline precijiitate of the above- 
mentioned 1 ‘oinpound. (I)ustinction from phosphates of the alkaline earth 
metals.) 

5. On treating a not too dilute solution of a lithium salt with amnumiiim 
fluoride (free from ammonium silicolluoride) and excess of ammonia lithium 
fluoride gradually separates as a white gelatinous jireeipitate. Since the 
fluorides of potassium, cassium, and rubidium are readily soluble in wateu’, 
even when containing ammonia, and sodium lluoride requires only 70 parts 
of a mixture of ('qual [larts of water and ammonium hydroxide for solution, 
whereas lithium lluoride requiies 11500 jiarts, it is possible to seiiarate the 
lithium ion as lithium lluoride'. providing that the amount of sodium ion 
present is not too gri'at. Very small quantities of tlii' lithium ion are best 
separated by evaporating the solution of tlu; alkali salts, after treatment 
with ammonium chloride, in a platinum basin on the water-bath, and 
treating the residue with dilute ammonia solution (A. Carnot ^). 

6. Tartaric acid and plaiiuo-hydrochloric acid do not precipitate lithium 
salts even from concentrated solutions. 

7. When lithium salts are introduced on platinum wire into the nou- 
luminous gas Jlanu’. they impart a carmine-red coloration to the haino. In 
order to obtain the reaction with silicates containing lithium, an addition 
of plastor of Paris or, better, of a mixture of plaster of Paris and pure tiuor 
spar in the proportion of 2 : 1 is required. Lithium phosphato gives the 
flame coloration on moistening the fused bead with hydrochloric acid. The 
lithium coloration is masked by the sodium coloration, and must, therefore, 
in the presence of sodium compounds be viewed through blue glass or 
through thin layers of indigo solution. A little potassium does not mask 
the lithium flame ; in the presence of much potassium lithium may be 
detected by introducing the substance into the fusion area of the flame, 

• and comparing the colour produced with that given by pure potassium 
when the flame is viewed through an indigo prism (see p. 92). When seen 
through the thinner layem of the prism the lithium flame appears redder 
than the potassium flame, but through somewhat thicker layers the flame 
^ Zeitsch. anal. Chem., 29, 232, 
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eventually appear of equal redness, when the proportion of lithium to 
potassium is very small ; if the lithium predominates in the substance the 
intensity of the red lithium flame decreases perceptibly when viewed through 
the thicker layers, whereas the colour of the pure potassium flame is not 
weakened to any appreciable extent. By this means it is possible to detect 
fractions of one per<cent. of lithium in potassium salts. Sodium salts, 
unless present lii overwhelming quantity, have byt little uilluenco on 
these processes (Cartmi'll, Bunsen). 

The lithiiiin. spectrum (Table I.) is particularly distinct. It is especially 
characterised by a beautiful carmine-red line a 67()‘82jLt/x ; less conspicuous 
is the faint orange-yellow line C10*38jLt/x. Tlie jtauu’ of a Bunsen burner 
with ordinary gas as a rule shows only these lines, but if lithium chloride is 
introduced into a hydrogen flame , the temperaturo of* which is higher, a 
faint blue lino 460‘2I/r/x appcai-s, and this is intensified in the oxyhydrogen 
flame. Its position nearly coincides with that of the fainter of the two blue 
caesium lines (Tyndall, Frankland). 

8. For the microchetnical methods of dctectmg lithium ion, see 
Haushofer, Mikroskopisehe Reaktionen, p. 89; Behrens- Kley, Mikrocdiem. 
Analyse, 3rd cd., p. 45 Schoorl, Zeitsch. anal. Chem., 48, 598. 

Summary and Remarks. 

In order to detect small quantities of cieduin, rubidium, and lithium 
ions in the presence of large quantities of sodium or potassium ions, as is 
necessary, for example, in the analysis of mineral waters, the dry chlorides 
are moistened with a few drops of hydrochloric acid and extracted with 
80 per cent, alcohol, which loaves the greater proportion of the sodium and 
potassium chloride in the residue. The solution is evaporateKl to dryness, 
the residue ^ taken up with a little water, and an excess of platino-hydro- 
chloric acid added. The precipitate is separated by filtration, and 
repeatedly boiled with small quantities of water, in order to eliminate 
potassium platinocliloridc, as far as possible, and is tested with the 
spectroscope. For this purpose a small quantity of the precipitate is 
wrapped in a small piece of moistened filter paper, and round this is twisted 
a piece of fine platinum wire. The paper is carbonised at the point of the 
flame, care being taken to avoid too high a temperature, and is then 
introduced into the fusion area of the flame placed in front of the slit of 
the spectroscope. Under these conditions the potassium spectrum gradu- 
ally fades, whilst the caesium and rubidium spectra, if these ions were 
present, become visible. 

The filtrate from the platinocliloridc precipitate is treated with a little 
oxalic acid, and evaporated to dryness, the lesidue gently ignited to 
decompose sodium platinochloride and the excess of platino-hydrochloric 
acid, and moistened with hydrochlorid’aeid, which is subsequently evapo- 
rated, and the lithium chloride Anally extracted by moans of a mixture of 

* If alkali chlorides separated from silicates, such as Icpidolite, are present, 
th3 (featment with alcohol may be omitted. 
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absolute alcohol and other. ^ On evaporating this solution the lithium 
chloride is left in nearly pure condition, and can bo submitted to further 
tests. Before drawing a conclusion as to the presence of lithium from the 
flame coloration, it is necessary to make sure, in order to prevent a mistake, 
that strontium and calcium ion are not pr(“,scnt. 

The above-described addition of hydrochloric •acid before extracting 
the lithium chlorido^ith alcohol is nece.ssary, because litlmmi chloride, even 
on moderate ignition, is converted by the action of water vapour into 
hthium hydroxide, which then absorbs carbon dioxide from the air, forming 
uthium caibonatc, which is insoluble m alcohol. 

Lithium chloride may be si'jiaratcd from large, amounts of sodium and 
potassium chlorides by decomposing the concentrated solution of the salts 
wdth fuming hydrochloric acid and decanting the solution containing the 
lithium chloride and traces of other chlorides from the precipitated chlorides 
of sodium and potassium. 


Second Group. 

Cations of the Alkaline Earths. 

Barium, Strontium, Calcium, Magnesium (Radium). 

Sk(^ 33. 

Characterislic't of the Group. 

Position of the Members in the Periodic System.— The second 
grou]) contains the (unpaired) membors occu])yiug the left-hand 
side of the second division of the periodic system (with the exception 
of beryllium) and also magnesium, which also belongs to the second 
group of the periodic system. These comprise all the divalent 
elements : magnesium, Mg, calcium, Ca, strontium, Br, barium, Ba, 
and radium, Ra. Radium, the detection of which is eflected with 
the aid of physical methods, need not be considered here ; in its 
chemical behaviour it stands remarkably close to barium. The 
other elements have received the grouj) name of “ alkaline earth 
metals,” owing to the fact that their oxides have long been known 
as “ alkaline earths.” As in the case of the first group there arc 
also here three elements closely resembling each other- calcium, 
strontium, and barium — whilst magnesium (analogous to sodium in 

^ Instead of a mixture of alcohol and ether, which can also bo used for tho 
^ separation of lithium chloride from potassium chloride, Gooch [Zcitsdi. anal. 
Cheni,, 26, 355) recommends amyk alcohol ; L. W. Winkler {ibid., 52, 627) 
isobutyl alcohol; Kahlcnbivg and Krauskojif (Chem. ZnilraM., 1908, JI., 982), 
and also Muhrmann {Zeitsch. anal. Chem., 50, 171), pyridine. Lithium chloride 
10 easily soluble m these solvents, whilst the chlorides of tho other alkali metals 
are practically insoluble therein. 
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the first group) stands somewhat apart. It is in many respects 
related to aluminium, which occupies an adjoining position in the 
same horizontal series of the periodic system. All members of the 
second group are strongly electro-positive, to an extent decreasing 
from barium to iiiagiKisiiiin. The solubility of their oxides, or 
hydroxides, decreases in the same order of t\\e series. All the 
hydroxides are strongly dissociated in aqueous solutioij, and are 
therefore to be described as strong bases. Their solutions accorc]- 
ingly show an alkali lu' reaction (in the case of the sparingly soluble 
magnesia the alkaline rt‘action is most plainly shown by bringing 
the substance into contact with moistened test paptc). 

Analytical character of the Group.— The normal carbonates and 
phosphates and the monohydrogim phosphates of the alkali metals 
dissolve with dilficultv in water. (In so far as they dissolve the 
carbonates undergo hydrolytic dissociation and show an alkaline 
reaction.) Hence the salts of the alkaline earth metals are preci- 
pitated from their solutions liy carbonates, [ihosphates, and mono- 
hydrogen phosphates of the alkali metals. This behaviour distin- 
guishes the ions of the second grouj) from those of the first. From 
the ions of the following groups, however, they are distinguished by 
the fact that they are not precijiitated from their solutions either by 
hydrogen suljihide or ammonium sulphide. The oxides, hydroxides, 
and salts of the alkaline earth metals are white or (colourless, in so 
far as they are not coloured by the anion, and are not volatile. The 
nitrates or chlorides are not precipitated from their solution by 
barium carbonate. 

Special Reaction.s of Members of the Second Group. 

8ec. 34. 

(a) Barium, Ba, 137 37. 

1. Barium is a divalent silvery- white (or according to other 
statements a golden-yellow) metal of sp. gr. 3’78 to 4‘00. Its melting 
point is about mf. It oxidises in the air (frequently with ignition). 
Barium oxide- (baryta), BaO, is white, fuses at a strong white heat, 
and only volatilises at a very high tenqierature. When moistened 
with water it emits heat, and is converted into white barium hydroxide, 
Ba(0H)2. This melts at a red heat,«yithout liberating water, which,’ 
however, is set free on stronger ignition (B^iigelmann). It is fairly 
soluble in hot but is somewhat sparingly soluble in cold water ; 
it is jeadily dissolved by dilute hydrochloric or nitric acid. 
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2. Barium saltfi are, /or the most part, practically insoluble in water. 
Tile soluble salts show a neutral reaction ; with the exception of 
barium chloride, bromide, and iodide, they are decomposed when 
heated in an igi^tion tube. The insoluble salts, with the exception 
of barium sulphate and silicofluoride, are dissolved by dilute hydro- 
chloric acid. Barmm chloride dissolves with greal difficulty, and 
barium nitrate is jiractically insoluble in cold absolute alcohol, whilst 
l»tb salts arc practically insoluble in a mixture of eijual parts of 
absolute alcohol and ether ; they do not deliipiesce in the air. Barium 
nitrate and barium liromide are almost insoluble in amyl alcohol. 
Barium salts in foiu^cntrated solution are ])reci])itated by the addi- 
tion of a large amount of hydrochloric or nitric acai, owing to the 
fact that the incr('ase in th(5 concentration of the anions causes the 
respective solubility ])roducts to be (ixceeded, since the saturation 
concentrations of the undissociated molecules of barium chloride 
and nitrate are relatively low {ej[ ]>. 33). 

3. Ammonia }»roduces no precipitate in atpieous solutions of 
barium salts. Potassium hydroxide or sodium hydroxide (free from 
carbonate) only produce a ])recipitate when the solutions of barium 
salts are very conc(*ntrated. Water redissolves any such voluminous 
precipitate of barium hydrovule crystals, Ba(Oll)‘<-f HJljjO. 

4. The carbonates of alkali metals and ammonium precipitate 
barium carbonate, Ba(X) 3 , in the form of a white ]U‘ecipitate from 
solutions of barium salts. If the solution was acid the precipitation 
does not take place until after heating, because the hydrocarbonate 
ion, which is first formed, retains a corresponding quantity of barium 
ion in solution, until it has itself been decomposed. Ammonium 
chloride dissolves the precipitate to a slight but a])})reciablc extent ; 
hence no precipitate is formed in very dilute solutions containing 
much ammonium chloride.^ 

5. Sulphuric acid and sulphate solutions, including the calcium 
sulphate (plaster of Paris) solution, produce, even in very dilute solu- 
tions of barium salts a heavy Jinely pulverulent precipitate of barium 

^ The solvent action of ammonium salts of strong acids in this and analogous 
cases, upon j)recipitates already formed, depends upon the fact that the am- 
monium salts undergo hydrolytic dissociation, whereby, since ammonium 
hydroxide is a weak base (see Sec. .'10, 1), the hytlrogen ion concontration is 
increased. In the case above-mentioned the carbonate ion concentration is 
* thereby reduced, with the formation of hydrocar bon ate ions, or also of carbon 
dioxide. This reduction of^ a factor of the solubility product (l)a”].[CO" 3 ] is 
then equalised by solution of a part of the precipitate. In addition to this, 
there is also a repression of the dissociation of the ammonium carbonate through 
the presence of the ammonium ions of the neutral salt. These two processes 
supplement or overlap each other to a certain extentf ' 
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sulphate, BaS04. A® ^ precipitate forms immediately ; 

only in very dilute solutions, especially when strongly acid, is a 
certain time required for its appearance. The precipitate is insoluble 
in alkali hydroxide solutions, and is only very slightly soluble in dilute 
acids, but dissolves fo an appreciable extent in concentrated hydro- 
chloric or nitric acid, csjiecially on heating, as a^so in concentrated 
solutions of salts of amnioniuin, potassium, sodium, (^ijlcium, and 
magnesium. The solvent action of acids and of solvents is inhibite<;l, 
or at all events very much weakened, when sulphuric acid or sul- 
phates are present in conskjerable excess. The jiresence of foreign 
salts has an influence upon the action in the way discribod on p, 34 . 
Hence the solubility product of barium sulphate is not exceeded 
until there is a high concentration of barium and suljihate ions. If 
still more sulphate ions are present tliis disturbing influence of 
foreign salts is again repressed, i.e. the solubility product is then 
exceeded at a lower concentration of J)arium ions. Large amounts 
of calcium chloride may entirely inhibit the, ])recipitation of small 
quantities of barium ions by calcium sulphate (Ludeking^), because 
the calcium chloride keeps the dissociation of the calcium sul])hate, 
i.e. the concentration of the sulphate ions, below the quantity rei pared 
to reach the solubility product of barium sulphate. 

6. Silicohydrofluoric acid preci pitale^s from solutions of barium 
salts a colourless crystalline precipitate of barium silicojluoride, BaSiFy, 
which rajiidly subsides. In dilute solutions the precijiitate is only 
produced after some time. No precipitate is formed in very dilute 
solutions, for barium silicofluoride is not insoluble in water. On 
adding an equal volume of alcohol the precipitation takes place 
rapidly and so completely that the filtrate remains clear on the 
addition of sulphuric acid. Hydrochloric and nitric acids, as also 
ammonium salts, increase the solubility of the precipitate in wa^er 
and in alcohol. In using the reaction it is necessary to take into 
consideration the fact that silicohydrofluoric acid also yields ju’e- 
cipitates with potassium and sodium ions, so that, unless these, ions 
are known to be absent, the presence of barium ion cannot be 
positively inferred from the occurrence of a precipitate. 

7. Disodium hydrogen phosphate produces in Iieulral or alkaline 
solutions a white precipitate of barium monohydrogen phosphate, 
BaHP04, which is soluble in free atiids. The addition of ammonia 
only increases the amount of the precipitsrtc to a slight extent, a 
portion of it being converted into normal barium phosphate, 

• ^ Zeitsek. anal. Chem., 29 , 556 . 
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Ba3(P04)2. Ammonium chloride dissolves the precipitate to an 
appreciable extent. 

8. Ammonium oxalate 'produces in moderately dilute solutions 
of barium salts a white pulverulent precipitate of barium oxalate, 
BaCo04 4-1120, which is soluble in hydrochloric and nitric acids. 
When freshly precipitated this compound is alsd dissolved by oxalic 
and acetic acids. 8ut these solutions soon yield a deposit of barium 
hydrogen cftcalate, BaH2(C204)2-f2H20, in the form of a crystalline 
pftwder. 

9. Potassium chromate and dichromate ^moduce in solutions 
ofhnimn salts, even when considerably diluted, a pale yellow pre- 
cipitate of hanunf chromde, BaCr04. This dissolves with difficulty 
in cold water, more readily in boiling water ; ammonium salts 
increase the solubility very appreciably, whilst acetic acid and 
chromic, acid increase it considerably. Barium chromate is readily 
soluble in hydrochloric and nitric acids, whilst ammonia repre- 
cipitates it from the resulting reddish-y(‘llow solution. 

Th(^ solubility of barium chromate is also greatly increased by 
the presence of hydrogen ions, since chromic acid in its secondary 
stage is a weak acid (see p. 33 et seq.), and ('r2()"7 ions are also 
formed {ef Sec. lOl). The precipitation of barium by means of 
potassium dicliromate is, therefore, by no means complete, even in 
the case of neutral solutions of barium salts, since hydrogen ions are 
formed in accordance with the equation : 2Ba ‘ f-Cr20''7H'H20 
=::-2BaClr()4-h2ir. But the addition of sodium, acetate in excess causes 
the precipitation to be complete, because then the hydrogen ion com- 
bines with the anion of the weak acid to form an undissociated acid 
molecule (not acting as an acid). (See p. 25.) 

2Ba-+Cr.,()"7+H2()f2Cll3(T)0'=-2Ba(>04+2CIl3C00H; for 
example, 2BaCl2 ■|-K2Cr2()7-|-n20d-TCll3C()0Na-:2I^aCr04-f2KCl 
-f2NaCH-2CH3COOJ{+(x-2)CH3COONa. 

A similar effect is produced by an excess of potassium dichromate. 
In this case only the CrO' ^, and not the Cr20"7, is active. By 
adding an excess of sodium acetate to acid solutions of barium salts 
prior to the addition of ])otassium chromate, or by adding to such 
acid solutions so much potassium dicliromate that the whole of the 
chromate ion is not at once converted into dicliromate ion, the 
^precipitation is rendered complete. 

10. Potassium ferrocyanid^ solution produces in concentrated 
solutions of barium salts a crystalline precipitate of barium potassium 
ferrocyanide, BaK.2Fe(CN)(j-l-3H20. In the presence of ammonium 
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salts barium-potassium-ammonium ferrocyanides of variable com- 
position are precipitated. The precipitate is also not insoluble in 
excess of potassium ferrocyanide solution, and hence this reagent 
does not effect a complete precipitation ; no precipitation is produced 
in dilute solutions. 

11. Sodium sulphite (freshly prepared concentrated solution) 

produces in solutions of barium salts a white precipitate of barium 
sulphite, BaSOs, which is insoluble in acetic acid and dikite hydro- 
chloric acid. (H. J. D. Hinds, Chem. Zentralhl, 1911, I., 1556.) * 

12. Barium sulphate is not, or strictly speaking, is hardly decom- 
posed by cold solutions of alkali hijdrocfen earlmiates or ammonium 
carbonate, and the same remark applies to a boilingWution of 1 part 
of potassium carbonate and 3 parts of potassium sulphate. It 
behaves towards these reagents, however, in quite a different way 
when it is mixed with strontium or calcium sulphates (see [). 156 f.). 
Boiling solutions of alkali carbonates when repeatedly applied 
eventually decompose barium sulphate completely. Fusion with 
alkali carbonates readily decomposes it ; alkali suljihate, soluble 
in water, and barium carbonate, insoluble in water, are formed. 

13. When barium salts are introduced on a platinum tvire into 
the fusion area of a Bunsen flame, the portion of the fame above 
the substance is coloured yelbnvish-qreen. Soluble barium salts and 
also barium carbonate and sulphate show the reation at once or 
very soon, whilst the phosphate does not show it until after moisten- 
ing with sulphuric or hydrochloric, acid. This last method may also 
be used for detecting barium in silicates which can be, decomposed 
by acids ; silicates which are not decompo.sed by acids, however, 
must be fused with sodium carbonate. The resulting barium 
carbonate then shows the reaction. It is characteristic of the 
greenish -yellow coloration of the barium flame that it ajipears 
bluish-green when viewed through a green glass. (Jalcium and 
strontium do not prevent the barium rea(;tion when the sulphate is 
used for the test. The yellow'ish -green flame reaction can also bo 
obtained by mixing the pow^dered barium salt with alcohol and 
igniting the latter. 

The barium spectrum is shown in Table I. The green lines 
a r)24/x/A, jS 513’2/x/x, and 3 553'5/x/x are the most intense, whilst 
y bS2'ljpfjL is less prominent but yet characteristic. 

Since commercial platinum wire%nay contain barium (Kraut), it 
is advisable to see whether the wire alone* does not give a barium 
spectrum. 
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14. For the microchemical detection of barium reference may be 
made to Haushofer, Mikroskopische Reaktionen, p. 15 ; Behrens- 
Kley, Mikrochemische Analyse, 3rd ed., p. 58 ; Schoorl, Zeitsch. anal. 
Chem., 48 , 403. 

Sec. 35. 

(b) Strontium, Sr, 87-63. ' 

1. Sirq^itium is a divalent silvery -white, or, according to other 
statements, yellow metal, of s]). gr. 2-50 to 2*e58. It melts at 8(Xf. 
It closely rese.mbles barium in its behaviour. In like manner its 
oxide (stronlia), SrO, hydroxide, and its salts show almost exactly 
the same propt^rljes as the corres])onding barium com[)oiinds. 

Slrontinw hydroxide is less solul>le than barium hydroxide, and 
only los(*s its wat(‘r after strong ignition. Sfnrnfium chloride is not 
8olubl(‘ in th(‘. anhydrous condition in anhydrous alcohol ; but if it 
contains its water of crystallisation (as in the case of the residue 
obtained on evaporating the solutions) it is soluble m absolute alcohol, 
and deli(]uesces on exposure to moist air ; it is also soluble in strong 
hydrochloric acid. Strontium bromide is soluble in ethyl alcohol 
and in amyl alcohol. 

Strontium nitrate is almost insoluble in absolute alcohol, practically 
insoluble in a mixture of eipial jiarts of absolute alcohol and ether, and 
quite insoluble in concentrated nitric acid. Strontium nitrate does 
not deliquesce on (‘.xposure to the air. 

2. Strontium salts behavein almost e.xactly the. same way as barium 
salts towards ammonia, potassium hydroxide, and sodium hydroxide, 
as also towards the carbonates of the alkali metals and of ammonium, 
and towards disodium hydrogen phosphate. Strontium carbonate 
is less soluble than barium carbonate in ammoniuin chloride solutions. 

3. Sulphuric acid and sulphates 7 ^/or/?/cc in not too dilute solutions 
of strontium salts a white ])recipitate of strontium sulphate, SrS 04 . 
As jirecipitated from concentrated solutions this is at first amorphous 
and flocculent, and later jiulvenilent and crystalline ; ])reci})itated 
from dilute solutions it is ])ulvenilent and crystalline at once. Heat 
greatly accelerates the jirecipitation. Strontium sulphate is much more 
soluble in water than the corresponding barium conqiound, for which 
reason the precijiitate is only formed after some time in more dilute 
solutions. Calcium sulphate solution precijntates strontium imme- 

* diately only from (juite concej^tratcd and especially hot solutions 
of strontium salts, whiM it only produces a precipitate after some 
time from more dilute solutions. Potassium, sodium, calcium, and 
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magnesium salts increase the solubility of strontium sulphate so that, 
e.g. in presence of much calcium chloride, strontium ion is not pre- 
cipitated by calcium sulphate solution (Liideking). Strontium 
sulphate is appreciably soluble in hydrochloric and nitric acids. The 
presence of any large amount of these acids therefore affects the 
sensitiveness of tlieseh’eactions to a remarkable extent. An excess of 
sulphuric acid (counteracts the solvent action of th<'se salts and acids 
(see Sec. 34 , 5 ). Strontium sulphate is not soluble, even on^oiling, in 
(I concentrated solution of amnwnium sulphate, but if mixed with 
calcium sulphate dissolves to a considerable extent simultaneously 
with the latter. 

4 . Silicohydrofluoric acid ])roduces no precipitate even in fairly 
concentrated solutions of strontium salts, since strontium silico- 
fluoride, SrSiF^, is fairly soluble in cold water ; hot water dissolves 
it somewhat less readily, so that hot concentrated solutions yield a 
precipitate. It is slightly soluble in ddule alcohol, the solubility 
decreasing with the increase in the alcoholic strength. The addition 
of alcohol therefore effects a preci2)itation even in the cold. Hydro- 
chloric acid increases very greatly the solubility of the salt in water, 
and its solubility in alcohol to a somewhat less extent. 

5. Ammonium oxalate produces, even in fairly dilute solutions 
of strontium salts, a white pulverulent precipitate of strontium oxalate, 
2SrC204-|-5ll20, which dissolves readily in hydrochloric acid and 
nitric acid, fairly readily in solutions of ammonium salts, but is only 
slightly soluble in oxalic acid solution and acetic acid. 

6. Potassium dichromate does not produce a precipitate even in 
concentrated solutions of strontium salts, nor does potassium chromate 
at first. In the latter case, however, a light yellow precipitate of 
strontium chromate, SrCr04, separates after some time, from not too 
dilute neutral solutions (more rapidly from ammoniacal solutions), 
but not from solutions acidified with acetic acid. The })recipitate 
is in the form of a fine i)Owder, which adheres to the sid(!S of the vessel 
(Reichard^). It is only sparingly soluble in water containing much 
ammonia or acetic acid, but is readily soluble in hydrochloric, nitric, 
and chromic acids. Jt is not precipitated from its solution in any 
of these by the addition of potassium dichromate in excess. Alcohol 
does not dissolve strontium chromate. Neutral solutions of strontium 
salts mixed with ])otassium chromate therefore yield a precipitate ^ 
on adding a small amount of alcohol.^ The i)reci2)itation is promoted 
by heating the liquid to 7 (f (W. Fresenius and Kuppert 

1 Zeitsch. ami. Chem., 46, 178. * Ibid., 30, 672. 
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7. Potassium ferrocyanide does not precipitate strontium from 
solutions of its salts. 

8. Sodium sulphite (freshly-prepared (‘concentrated solution) precipi- 
tates white strontium sulphite from neutral or acetic acid solutions, but 
not from hydrochloric acid solutions of strontium salts (Hinds i). 

9. Strontium sulphate is decomposed in the col5 when treated with 
solutions of carbonates of potassium and sodium ; it is also completely 
decomposea by a longer treatment with cold solutions of ammonium 
edfhonaie or of potassium or sodium hydrogen carbonates^ and much 
more rapidly when boiled with a solution of 1 part of potassium 
carbonate and 3 parts of potassium sidpjhatc. In these decom- 
positions (except tliose effected by potassium and sodium carbonate) 
a certain amount of strontium sulj)hate always remains undecom- 
posed when it was originally mixed with barium sulphate. The 
decomposition is also effected rapidly and completely by fusing or 
boiling the sulphate; with alkali carbonates. 

10. When a solid strontium compound is introduced into the fusion 
area of a Bunsen flame an intense red jlanui coloration is produced. 
Strontium chloride shows this reaction mo.st clearly, strontium oxide 
and carbonate l(;ss distinctly, strontium sulphate still more slightly, 
and the salts of acids not (h*compo.sed on heating very faintly, if at 
all, ddie substance is therefore first tested by itself and tiien after 
moistening with hydrochloric acid. If the j)resence of strontium is 
8u.spocted, the substance is heated for a short time in the nalucing 
flame (to ])roduce strontium sulphide) biTore it is moistened with 
hydrochloric acid. When viewed through a blue glass the strontium 
flann; aj)p(;ars purple to ro.se colour (distinction from calcium com- 
pounds, which under these conditions show a faint greenish-grey 
coloration) ; the coloration is most distinct when the substance is 
moistened with hydrochloric acid and sprayed into the flame. In 
the presence of barium compounds the strontium reaction appears 
when the substance, moistened with hydrochloric acid, is first intro- 
duced into the flame. The carmine-red flame coloration may also 
be produced by heating soluble strontium salts with dilute alcohol 
and igniting the vapour. 

The Strontium spectrum is shown in Table I. It contains many 
characteristic lines, notably the orange line a 605'5)u./x, the red lines 
P 679’7/ijLt, and y 649'9/i/x, and the blue line 5 460‘7/x/x. The last is 
particularly suitable for the detection of strontium in the presence of 
barium and calcium. , 

^ Chem,. Zcnfralhl., 1911, I., 1556. ^ 


10 
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11. For details of tlie microchemical detection of strontium, sec 
Haushofcr, Mikroskopische ReaJctionen, p. 121 ; Behrens-Kley 
Mikrochemisclie Analyse, 3rd cd., p. 54 ; Schoorl, Zck^ch. anal 
Cheni., 48 , 404. 

8 k('. 3G. 

(c) Calcium, Ca, 40 07. .t 

1. Calcium is a divalent silvery-white (yellowish whi^n not quite 
pure) metal, with sp. gr. 1‘52 and melting point 810‘\ It oxidises 
in the air, forming calcium hydroxide and carbonate, and decomposes 
water, with the liberation of hydrogen and formation of calcium 
hydroxide. Calcium, oxide (lime), FaO, and tlie hydroxide and salts 
of calcium closely resemble in general ]ir(>p(‘rties the corresj)onding 
compounds of barium and strontium, ('alcium hydroxide, ('a(Oil)2, 
is far less soluble in water than the hydroxides of barium and 
strontium, and is le.ss soluble in hot than in cold water. Calcium 
hydroxide loses its water on ignition. 

The chloride and uitrate of calcium, are soluble in (d)solute alcohol 
and in a mixture of equal parts of (deohol and ether ; they delicpu'sce 
on exposure to the air. The nitrate is also (relativ(‘ly) fairly soluble 
in strong nitric acid, and the chloridi; in strong hydrochloric acid. 

2. Ammonia, potassium hydroxide, sodium hydroxide, and the 
carbonates and phosphates of the alkali metals behave towards 
calcium salts m nearly the same way as towards barium salts. Freshly 
precipitated calcium carbonate, CaCOy, is voluminous and ainorjilious, 
but after standing some time, or immediately on heating, it agglo- 
merates and becomes crystalline. The freshly -formed precipitate 
dissolves fairly readily in ammonium chloride solution, but the 
solution soon becomes turl)id and deposits the greater part of the 
dissolved salt in crystalline form. 

3. Sulphuric acid and sodium sulphate produce immediately in 
quite concentrated solutions of calcium salts a white precipitate of 
calcium sulphate (gypsum), Ca804-|-2H20, which dissolves com- 
pletely in a large volume of water, and is still more soluble in acids. 
In less concentrated solutions of calcium salts the })recipitate only 
forms after standing for some time, whilst still more dilute solutions 
do not yield a qjrecipitate. Naturally, calcium sulphate cannot 
produce a precipitate, whilst a cold solution of potassium sulphate, 
diluted with 3 parts of water, only produces a precipitate after 
12 to 14 hours in solutions of calcium salts. If solutions of calcium 
salts are so dilute that sulphuric acid by itself does not yield a 
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precipitate, (m addition of an equal volmtie, or belter, of twice the volume 
of alcohol will cause one to appear inimediatebj , or, in the case of very 
dilute solutions, after some time. Calcium sulphate dissolves in a 
sufficient (juantity of a concentrated solution of ammonium sulphate, 
but only completely when there is no admi^xturc of barium or 
strontium sulphate. • 

4. Silicohydro^uoric acid does md ])recipitate cahuum from 
solutions of its salts, when an ecpial volume of alcohol is added. 

5. Ammonium oxalate produces in solutions of caiciuni salts a 

white pulverulent precipitate of calcium oxalate. If the solution is 
cone('ntrated or J^ot, the [necipitate (^ 1(^04 ! fornie.d imme- 

diately, but if it is very (iilut(‘ and cold the pn'cipitate is only 
formed after some time. an<l is tlnm distinetlv crvstalline, and 
consists of a mixturt' of the ahove salt with CaCj,( )4-|-31l2f). Calcium 
oxalati' is rc'adily soluble it> hydioehloric or nitric acid, but is not 
appreciably so in acetic acid or oxalic acid solution. 

6. Potassium chromate at first produces no precipitate even in 
concentrated neiiti'al solutions of calcium salts. Only after standing 
for a long time does calcium chromate, ('aCi(J 4 I- 2 II 2 O, se])arat(‘ as a 
yellow crystalliiu* ])recipitat(‘. Ibit on adding 2 t(» 3 volumes of 
alcohol an hnmediate precipitation takes plaec m the ease of solutions 
which arc not too dilute. The addition of a suHieient <piantity of 
ammonia to even somewhat dilute solutions of calcium salts which 
have been treated with potassium chromate also causes a pieci])itate 
to form (Roichard i) Free acetic acid and the addition of alcohol 
prevent the precijiitation of calcium by ])olassium chromate from 
solutions of its salts. Potassium dichromate does not produce a 
preci])itate even in concenti’ated solutions. 

7. Potassium ferrocyanide produces in solutions of calcium salts 
a white cri/stalline precipitate of calcium potassium ferrocyanide, 
CaK2Fe(CN)(j~b3ll20. In the presence, of ammonium salts calcium 
potassium ammonium ferrocyanides of variable composition are 
precipitated. The precipitate is so insoluble in presence of an excess 
of potassium ferrocyanide that the filtrate remains clear on the 
addition of ammonium oxalate (Baubigny,- Flanders 3). 

8. Sodium sulphite (in freshly^ jirepared saturated solution) 
produces no precipitate in solutions of calcium salts acidified with 
hydrochloric or acetic acid (HinjJs*). 


^ Zeilsch. anal. Chem., 46, 178. 

Chrm. ZcniralhL, 1895, I., 1040 ; 1907, II. , 663. 

Ibid., 1906, 11., 1873. « Ibid., 1911, I., 1556. 
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9. Barium fluoride produces in solutions of calcium salts a colour- 
less or white precipitate of cahium fluoride, CaFo. (Distinction 
from barium and strontium). By tliis test 0'8 mgrm. of calcium 
chloride can be detected in 10 c.c. of solution. The ])rescnce of barium 
salts in considerable quantities has an influence on the reaction 
(Karaoglanoff ij. 

10. Calcium sulphate behaves in the same manner as strontium 
sulphate on adding carbonates or hijdrocarhomtes of alkali metals 
or a mixture of potassium carbonate and s\ilphate to its solution, or 
when it is fused with alkali carbonates. 

11. Calcium salts, when introduced into the fusion area of the 
Bunsen flame produce a yellowish-red flanw coloration. Calcium 
chloride shows the reaction most distinctly, whilst calcium sul[)hate 
only shows it after it has begun to decompose ; it is also most distinct 
in the case of calcium carbonate after the carbon dioxide, has escaped. 
The salts of acids which stand the heat of the flame do not colour the 
flame, but do so afte” they have been moistened with liydrochloric 
acid so as to decompo.se them. The best method is to heat a small 
quantity of the substance on platinum wire, to add a droj) of hydro- 
chloric acid so that it remains suspended from the loo]) of the wire, 
which is then introduced into the fusion area of the flame. The 
reaction appears most distinctly at the moment when the dro]) 
disappears without boiling (as in Jjcidenfro.st's phenomenon) (Bunsen). 
The calcium coloration of the flame, when ]>roduced by spraying the 
substance moistened with hydrochloric acid into the flame, appears, 
when viewed through a green glass, of a yellowish-green colour. 
(Distinction from strontium, which under the same conditions yields 
a fugitive yellow coloration) (Merz). In the presence of barium, the 
reaction only appears when the substance moistened with hydro- 
chloric acid is introduced just into the flame. 

Soluble calcium salts when heated with alcohol produce a flame 
with a yellowish-red colour. It is difficult to distinguish with 
certainty between calcium and strontium by means of the flame 
coloration. 

The calcium spectrum is shown in Table I. It is particularly 
characterised by the intense green line 558'9/x/x, and by the intense 
orange double line a 643 9-64f)*2^;x ; the indigo-blue line 422'6/xju, 
not far from the Fraunhofer line,; 6^', is only visible in very good 
apparatus, because it emits less light. • 

12. For the microchemical reactions of calcium, see Haushofer, 

• * ZeiUsch. anal. Chem., 66 , 138 . 
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Mihroshofischc EeaUionen, p. 32 ; Behrens-Kley, Mikrochemische 
Analyse, 3rd ed., p. 49 ; Schoorl, Zeitsch. anal. Chem., 48, 409. 

Sec. 37. 

(d) Magnesium, Mg, 24 •32.* 

1. Magnesium is a divalent metal. It is silvery- white, hard, 
malleable, of sj). gr. 1*743 ; it melts at a moderate red heat (below 
800°) and volatilises at a white heat. When heated in the air it 
burns with a dazzling wh ite flame, forming magnesi uni oxide (magnesia) , 
MgO. In dry aif it keeps its lustre, but in moist air it gradually 
becomes coated with magnesium hydroxide. Pure water is not 
decomposed at the ordinary temperature by magnesium, but the 
metal dissolves easily and rajiidly in water acidified witli liydro- 
chloric or sulphuric, acid, with the liberation of hydrogen. 

2. The oxide and hydroxide of magnesium are white powders, far 
more voluminous than the corresponding compounds of the other 
alkaline earth metals. They are hardly soluble in either cold or hot 
water. On ignition niagnesiuni hydroxide. Mg(OH) 2 , decomposes water. 

3. Some magnesium salts are soluble and others insoluble in 
water. The soluble salts have an unpleasant bitter tast<‘, have a 
neutral reaction (at all events in the case of the neutral salts, p. 7) 
towards indicators, and arc, with the exception of the sulphate, 
decomposed on gentle ignition. In certain circumstances they are 
decomposed on evaporating their solutions, in consequence of hydro- 
lysis and evaporation of the liberated volatile acids [e.g. the chloride 
in concentrated solution). At a strong white heat magnesium 
sulphate is also deconqiosed with the liberation of sulphur trioxide. 
The insoluble magnesium salts are almost all dissolved readily by 
hydrochloric acid. 

4. Ammonia precipitates from neutral solutions of magnesium salts 
free from ammonium' io7i a portion of the imgnesium io7i in the form of 
a white jlocculent deposit of magnesimn hydroxide, Mg(OH) 2 . The 
precipitate is soluble both in acids and in solutions of ammonium salts. 
If, therefore, the solution contains such salt, or if on neutralising any 
acid present ammonium ions are produced in the liipiid, no precipita- 
tio7i will take place. (For the explanation of this behaviour, see 

P‘hT) 

Sinc.e under all conditions there is a formation of ammonium ions 
in the solution during the precipitation process, the checking of the 
dissociation of the (slightly basic, see Sec. 30, 1) ammonium hydrqjcide 
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has a restrictive influence upon the precipitation of the remainder 
of the magnesium ions. Hence in no case can a complete precipita- 
tion of the magnesium ion be effected by means of ammonia. 

This property is utilised for keeping magnesium ion in solution 
while other metal ions are being precipitated by means of ammonia, 
ammonium sulphide, or ammonium carbonate. In such cases a suffi- 
cient quantity of ammonium chloride is added, and no precipitation 
of a magnesium compound is then produced by means of ammonia 
(or ammonium sulphide or carbonate). 

5. Potassium, sodium, barium, and calcium hydroxides pre- 
cipitate magnesium hydroxide from solutions of piagnesium salts. 
Ammonium chloride and^ .similar ammonium salts cause the freshly- 
precipitated and well-washed hydroxide to redi.ssolvo, If they are 
added in sufficient quantity to the solution of magnesium salt prior 
to the addition of the ])recipitant no precipitate is obtained on the 
addition of a little alkali. It is not until the quantity of alkali is 
so great that a sufficient number of hydroxyl ions is present that the 
solubility product is exceeded and jirecipitation takes place. This 
is naturally promoted by boiling. The jirosence of chlorides or 
sulphates of potassium and sodium also checks the dissociation of the 
hydroxides of these metals. Hence magnesium hydroxide appears 
to be more soluble in solutions of these alkali salts than in water, 
or in other words, magnesium ion is less completely precipitated by 
small amounts of alkali hydroxides when neutral salts of alkali metals 
are present in the solution. From such solutions, however, 
magnesium ion is precipitated, for the most part, by an excess of 
potas.sium or sodium hydroxide. 

6. Potassium or sodium carbonate produce in neutral solutions 
of magnesium salts a white preeipitate of basic magnesium carbonate, 
[ 4 MgC 03 -t-Mg(()H) 2 -fa:H 20 ).i A jurther atom remains in solution 
as magnesium ion, together with the hydrocarbonate ions, which 
have been formed. That is to .say, there is a hydrolytic di.ssociation 
of two of the six molecules of magnesium carbonate : 

6Mg---fflCTJ''3q-2H20-L4Mg(X)3+Mg(0H)2]+i\Tg--+2HC(r^^ 

for example, 

6MgCl2-f6Na2C03-f2H20 

^^4MgC03+1VIi!(0H)2-|-Mg(HC;03)2+]2NaC'l' 

* The composition {i.e. the relative i)roportion8) of MgCJOj and Mg(0H)j 
may vary somewhat with the conditions of the precipitation. 
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On boiling the liquid carbon dioxide is expelled, and a further pre- 
cipitate, MgC03-|-H20, is ])roduced : 

Mg--i~2HC0'3==.MgC03H-H20+C02 
Hence, heating the liquid promotes the precipitation of magnesium 
by alkali carbonates and increases the quantity of the precipitate. 
Atmmnium and similar mmnonium sails may, when present 

in 8ufficiei\r quantity, also ])rcvent this precipitation, or cause the 
washed precipitate to dissolve readily. The same conditions are 
then produced as if ammonium carbonate had been directly added 
(see 7). 

7. If a solution of a magnesium salt is treated with ammoiHUiti 
carbonate the liquid always rehnains clear at first. On standing, 
however, there se])arates (rapidly from concentrated and more 
slowly from dilute solutions) a crystalline jyrccipitate, which consists 
of magnesium carbonate, MgC03-t“'‘>Il2^» when a small amount of 
ammonium carbonate was added, and of ammonium magnesium 
carbonate, ]\rg(NK4)2(C0;3)2-f4n20, when a larger amount was 
added. Only when the solutions are very dilute is no precipitate 
formed. The addition of ammonia or of ammonium carbonate in 
excess has a strong influence in promoting the precipitation ; 
ammoniu 7 )) chlorule has the opposite effect, but docs not prevent 
the precipitation in the case of more concentrated solutions. The 
checking or prevention of the precipitation depends upon the 
restrictive action of the ammonium ions of other ammonium salts 
upon the dissociation of the ammonium carbonate (see 5, and foot- 
note 1, p. 139). 

8, Disodiutn hydrogen phosphate precigritotes imtgnesiwn mono> 
hydrogen phosphate, MgHP04-j-7ll20, as a white powd^er from not 
too dilute solutions of magnesium salts. On boiling, normal magnesium 
])hosphate, Mg3(P04)2+7H20, separates even from fairly dilute 
solutions. But if ammonium chloride and ammonia are added to 
the, solution of ^nagnesiiwt, salt prior to the addition of the disodium 
hydrogen phosphate, there is produced, even in a very dilute solution, 
a 7 i)hite crystalline precipitate of ammonium magnesium phosphate, 
Mg(NH4)r04-f*(jHo0.i In the case of very dilute solutions the 
separation of the precipitate is promoted by .stirring the liquid with 
a glass rod. If the dilution is .so great that a precipitate no longer 
forms, the lines made by the gla*ss rod upon the sides of the vessel in 

^ The magnesium hydrogen ])hospliate precipitate is also converted into this 
compound on the subso(j[uent addition of ammonium chloride. 



152 BEHAVIOVR OF &VBSTANCES TO REAGENTS cu.ii 


stirring tlie liquid become visible after some time as white streaks, 
removable by hydrochloric acid. Water and solutions of ammonium 
salts have hardly any solvent action on the precipitate, but acids 
and even acetic acid dissolve it readily. Tt is practically insoluble 
in amrnoniacal water. Ammonium sodium hydrogen phosphate 
may, of course, be used instead of disodium hydrogen phosphate ; 
in that case magnesium ammonium j)hos])hate is always pjrecipitated. 

9. Ammonium oxalate docs not 'produce a precipitate in venj dilvje 
solutions ; in less dilute solution no preeijutate is formed at first, 
but after standing for some time crystalline aggregations of various 
ammonium magnesium oxalates arc formed at the ^ges of the surface 
of the liquid. In quite concentrated solutions of magnesium salts 
ammonium oxalate speedily produces precipitates of magnesium 
oxalate, MgC2^4+2HoO, which contain small amounts of the above- 
mentioned double salt. Ammonium chloride and free ammonia 
interfere with the formation of these precipitates, but, as a rule, do 
not entirely prevent it 

10. Potassium ferrocyanide does not 2 >roduce a ])recipitate 

immediately in cold dilute solutions of magnesium salts, but a white 
crystalline precipitate separates, on standing, more rajiidly in the 
case of concentrated solutions. Heating accelerates the ])recipitation 
and renders it complete. The precipitate is magnesium, potassium, 
ferrocyanide, and, in the presence of ammonium salts, magnesium 
potassium ammonium ferrocifanide. * 

11. Sulphuric acid, silicohydrofluoric acid and potassium 
chromate produce no preeijutates in solutions of magnesium salts. 

12. Magnesium salts do not imi)art any coloration to a flame 
(cf, however, the end of Sec. 38). 

13. If magnesium chloride or nitrate solution is added to an 
alcoholic tincture of alkayui (pre])ared by treating powdered alkanet 
root with 93 per cent, alcohol) and the mixture made alkaline, the 
liquid shows a characteristic absorption spectrum, the j)rinci})al band 
of which corresponds with the wave length 60G'3/>t/x, whilst fainter 
bands correspond with wave lengths bOlA/x/x and 521'3/x/x. The 
reaction is very sensitive. It may also be used for the detection of 
magnesium ion in the jjresence of alkali ions or those of barium, 
strontium, or calcium. If large amounts ot these are present the 
absorption bands appear somewhat^disjjlaced towards the red end.' 
Magnesium ion may also be detected in tlys way in the presence of 
ferric ion ; but it is necessary to make the observation immediately 
after the addition of the ammonia, since ferric hydroxide is 
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precipitated and carries down with it an appreciable quantity 
of magnesium (Formaneki). For particulars of the detection of 
magnesium by absorption spectrum analysis with the aid of purpurin, 
see also Vogel and v. Lepel.^ 

14. For the microchcmicul detcMion of magnjisium reference may 
be made to Ilaushofcr, Mikroskopische Reaktionen, f). 02 ; Behrens- 
Kley, M ihochcmiscke Analyse, 3rd cd., p. 42 ; >Sehoorl, Zeitsch. anal. 
CJiem., 48 , 594 ; A’ivario and Wagenaar, Chem. Zentralhl., 1917, II., 
244. 

Sec. 38. 

Sfimnmry and Renutrks on Group II. 

1. Tlie three jjrincipal points which distinguish the magnesium 
wn from the ions of the other alkaline earth metals are the sjiaring 
solubility of magnesium hydroxide', the ready solubility of magnesium 
sulphate (when not jeresent as kieserite. the form of magnesium sul- 
phate of natural occurrence containing one molecule of water), and 
the fact that the presence of ammonium salts ])revents the precipita- 
tion of magnesium ion by ammonia or ammonium carbonate. To 
detect the magnesium ion in solutions, which may also contain the 
ions of all the alkaline eart h metals, barium, calcium, and strontium 
ions, if present, are first removed. This is most suitably done by 
precipitation in the form of carbonates (which h'aves the,se ions in 
the form of compounds suitable for further examination). In order 
to avoid a simultaneous ])reci[)itation of magnesium carbonate or 
hydroxide the solution is first treated with so much ammonium 
chloride that it remains clear on the addition of ammonia to alkaline 
reaction, and is then treated with sullicient ammonia to make the 
reaction distinctly alkaline and with ammonium carbonate. Finally, 
the liquid is gently lic'atcd. If the solution is fairly dilute, and is 
filtered after about an hour, the carbonates of barium, strontium, and 
calcium are left iqion the filter (for their separation, vkk‘ infra), whilst 
the whole of the niagne.sium remains in solutions and will be found 
in the fdtrate. But since ammonium chlorich*. solution dissolves a 
certain amount of ])arium carbonate, and also, though to a less 
extent, of calciuin carbonate, small amounts of the ions of these 
metals will be present in the filtrate— ^and, in fact, if only traces were 
•originally present, may remain entirely in the solution. In complete 
investigations the filtrat(j is, therefore, divided into three parts, one 
of which is treated with a few drops of sulphuric acid for the detection 

‘ Zeitsch. anal. Chem., 39 , 414 . ® Ibid., 17 , 89 . ^ 
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of the dissolved trace of barium ion, and the second with ammonium 
oxalate, so that any small quantity of calcium mi remaining in solu- 
tion may not be overlooked. If neither reagent produces any 
turbidity, even after some time, the third portion of the filtrate is 
tested for magnesium ions by means of disodium hydrogen ])liosphate. 
If, on the other ‘hand, one of the reagents produces a turbidity, the 
precipitate, which gradually subsides, is filtered off before applying 

the test for magnesium ion, and should both reagents cause turbidities 
. " . . . ^ * 
the two portions are mixed, the mixture, which must still be alkaline, 

is filtered after some time, and the filtrate tested for magnesium ion. 

To prove that a precipitate really consists of calcium oxalate, and 
not of ammonium magnesium oxalate, it is dissolved in hydrochloric 
acid, and the solution treated with sulphuric acid and alcohol, which, 
in the presence of calcium ion, produce a ])recipitate. 

2. The above-mentioned carbonate precipitate, which may 
contain barium, strontium, and calcium, is thoroughly washed to 
remove the magnesium ion, which might interfere with the sub- 
sequent separation of the other alkaline earth metals. Various 
methods may be used for the detection of barium, strontium, and 
calcium in the precipitate. 

(a) The ])rccipitatc is dissolved in acetic acid, the solution 
evaporated on the water-bath until the bulk of the acetic acid has 
been removed, and then diluted with water, and the li(|uid, which 
must still be perceptibly acid (if not, a few additional drops of acetic 
acid are added), is treated with potassium chromate until it shows a 
yellow colour, and heated to boiling point. If any odour of acetic 
acid is still perceptible, a little more potassium chromate solution is 
added. 

If barium ion is present it is precipitated completely as barium 
chromate. The liquid is allowed to stand for about an hour, and then 
filtered. The filtrate (which must not contain mon^ than 10 ])er cent, 
of calcium or strontium salts, or calcium ion may be precipitated 
with the strontium ion) is treated with ammonia (free from carbonate) 
until of a pale yellow colour, when an additional 10 drops of ammonia 
solution are added, and the liipiid is treated with an equal quantity 
of a mixture of 2 parts (by volume) of 03 [ler cent, alcohol and 
1 part of water. (Care must be taken that both the ratio between 
the volumes of solution and dilute, ahjphol, and the jirescribed dilution* 
of the latter are fairly closely maintained.) J f strontium ion is present 
a yellow precipitate is obtained. (Heating promotes its separation, 
but the temperature must not exceed fiOMO®.) 
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The liquid is filtered and the- filtrate treated with 'potassium ferro- 
cya'nide solution (not too concentrated, or potassium ferrocyanide 
will be precipitated by the alcohol) and gently heated if a precipitate 
has not already been formed in the cold. If calcium ion is present 
a white precipitate of calcium potassium ferrocyanide is formed.^ 

(6) The carbonates arc dissolved in acetic acid, afid the barium 
ion precipitated witfi potassium chromate, as desiiribed in [a). The 
filtrate from the barium chromate precipitate is neutralised with 
ammonia and the carbonates of strontium and calcium precipitated 
with ammonium carbonate. After standing for a long time the 
precipitate is dissolved in tlie smallest possible amount of hydro- 
chloric acid, tlie carbon dioxide expelled by boiling, and the solution 
neutralised with ammonia, and, after the addition of a little ammo- 
nium chloride solution, treated with an equal volume of a saturated 
solution of potassium ferrocyamde and heated to boiling point. 
Calcium ion is precipitated as calcium potassium ammonium ferro- 
cyanide. This is separated by filt, ration, and the filtrate is treated 
with ammonium (jarbonate. Strontium carbonate is precipitated, 
but only after a considerable time when the quantity is small. The 
])resencp of strontium ion is confirmed by dissolving the separated 
precipitate in hydrochloric acid, evaporating the .solution to dryness, 
dissolving the residue in a little water, and adding calcium sulphate 
solution. 

(o) 'fhe carbonates are dissolved in dilute nitric acid, and the 
solution evaporated on the water-bath to dryness, the residue heated 
somewhat more strongly (not over 180' ) on an asbestos plate, the 
r/r/y mtrates powdered and mixed in a dry boiling flask with a mixture 
of equal [larts of absolute alcohol aud- ether, and the flask corked and 
allowed to stand for some time with frequent shaking. 

Calcium nitrate dissolees, whilst, if the nitrati's were' (piite dry, 
barium and strontium nitrate remain undissolved. The precijiitate is 
filtered off and washed four times with a mixture of equal parts of 
absolute alcohol and ether. The filtrate is treated with & few drops of 
dilute sulphuric acid. Sima* calcium sulj)hate is insoluble in alcohol 
a precipitate must be formed in the presence of calcium ion. If any 
a])preciable amount of precipitate is produced the pre.sence of calcium 
ion is indicated. If it is only .small, it may be due to a .slight quantity 
«f strontium sulphate derived froni strontium nitrate, which, if water 

* With ri'gard to other aug’gostions for met hods of separation based upon the 
different d(‘groc8 of solubility of the chromaU's, sc^e Durnesnil, Zeilscti. anal. 
Che.m., 41, (>95 ; Reiehard, ihid., 46, 178. 
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has not been eoinpletely excluded, may have dissolved. In this case 
the solution is mixed with about 4 c c. of water, the ether and alcohol 
evaporated, a few drops of ammonia solution and about 1 grin, of 
solid ammonium sulphate added, and the liquid heated to boiling 
point and filtered. . The filtrate is treated with one drop of acetic 
acid, so as just To redden litmus paper, and then with a few drops of 
ammonium oxalate solution. If calcium ion is present a precipitate 
of calcium oxalate is formed immediately, or after standing for some 
time if the quantity is small. This cannot he mistaken for strontium 
ion, which may be present in small quantity, since the traces of 
strontium sulphate, which dissolve in a concentrated solution of 
ammonium sulphate, are not precipitated by ammonium oxalate in 
presence of free acetic acid. 

The undissolved nitrates of hanum and strontium arc dissolved 
in 70 to 100 times their weight of water, the solution filtered, boiled 
if necessary to remove the alcohol and other, and acidified with a few 
drops of acetic acid, and the barium ion precipitated with potassium 
chromate, as described above under (^/). The filtrate is tested for 
strontium ion with ammonium carbonate, as descrilx'd at the end of (b). 
A small precipitate, which might be due to insufliciently washed 
calcium nitrate, is dissolved in hydrochloric acid and tested with 
calcium sulphate solution, as in (b), or the hydro(‘ldoric. acid solution 
is neutralised with ammonia, boiled to remove carbon dioxide, and 
treated with potassium chromate and dilute alcohol, as in (n). 

(d) The barium ion may also be precipitated, as in (a), and the 
strontium and calcium ions, as in (b), as carbonates, the precipitate 
dissolved in nitric acid, and the nitrates separated by means of ether- 
alcohol, as in (c). 

(e) Small quantities ofcalciu)n ion in the presence of a larfje amount 
of barium and strontium ions may also be detected by treating the 
solution with a little hydroeblorii- acid, heating it, adding dilute 
sulphuric acid, filtering off the precipitate, and first rendering the 
filtrate alkaline with ammonia, then acidifying it with acetic acid, 
and adding ammonium oxfUate. A precipitate, whi(;h is often only 
produced after a considerable time, indicates calcium ion, since traces 
of strontium sulphate, which may have remained in solution during 
the precipitation with sulj)huric acid, are not precipitated by 
ammonium oxalate from solutions containing free acetic acid. t 

(/) The older methods commonly us^^d for the separation of 
barium, strontium, and calcium ion, or for the detection of one ion in 
thejpresence of one of the others, which were based on the difference 
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in their behaviour towards calcium sulphate solution, on the separa- 
tion of the dry chlorides by means of alcohol, and on the separation 
of the sulphates of strontium and calcium by means of ammonium 
sulphate, are mucli less accurate than those described, as may be 
gathered from what lias been said about the reactions of the individual 
ions. * , 

Nor is the metliRid of se])arating barium ion from strontium ion, 
based upofi the different behaviour of the sulphates towards a 
solution of ammonium carbonate, or a mixture of potassium carbonate 
and sul])hate, to be recommended, since when barium sulphate pre- 
dominati's a ])ortion of the strontium sulphate remains undecomposed, 
whilst wIk'ji th(', strontium sulphate juedominates barium sulphate 
is also converted into carbonate. This method of separating barium 
and strontium ion gives better results than the preceding ones, but 
is also not (*xact. The methods of separating the nitrates and 
chlorides dc'pending ujion their different solubility in concentrated 
nitric acid, which does not dissolve barium and strontium nitrate 
(S. G. liavvson, Zcitsch, amd. Chcni., 46 , 178), or in concentrated 
hydrochloric acid, which does not dissolve barium chloride, but 
dissolves the chlorides of strontium and cahauni (E. Ebler, Zcitsch. 
anal. (Uton., 48 , 175), are unpleasant to use. We may also refer to a 
method of detecting and separating barium, strontium, and calcium 
ions, which Hinds i has based upon the difference in solubility of the 
respective sulphites in hydrochloric acid, acetic^ acid and water 
(Sec. 34, 11 ; Sec. 35, 8, and Sec. 30, D), 

3. If sulphates of the alkaline eatth meials are under examination, 
the mixture may first be extracted with a small (pianfity of water. 
The solution will contain the whole of th(‘ magnesium sul])hate, when 
the latter is not jiresent in the form of kieserite, together with a small 
amount of the calcium suljihate. The residue is fusisl with 4 parts 
of potassium and sodium carbonates, the fused mass treated with 
boiling water, the extract filtered, and the insoluble carbonates 
washed and se})arated by one of the methods described above 
(under 2). 

Thosphates of the alkaline earth metals may be decomposed by 
means of ferric chloride, with the addition of sodium acetate (see 
Phosphoric acid. Sec. 107, 9) ; the respective oxalates aie differentiated 
•by converting them into carbonates by ignition, whilst the fluorides 
and silicofluorides are first converted into sulphates by heating them 
with concentrated sulphuric acid. 

^ Chem. Zentrcdbl.f 1911, L, 1560. 
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4. Barium, strontium, and calcium ion may be detected much 
more easily, even when they are all present together, by means of 
the flanie coloration observed through a spectroscope, than by the 
above-described somewhat tedious w^et methods, wh’ch, however, 
also alford an ap})roximate estimation of tlie relative (quantities. 
According to the anion ])resent, the substance is either introduced 
directly into the flame, or is so introduced after ignition in the 
reducing flame and moistening with hydrochloric, acid. 

If very small amounts of barium and strontium are to be detected 
in the presence of a large amount of calcium, a few grins, of the 
carbonates are strongly ignitinl in a qilatinum cnicible over the blow- 
pipe flame (in which proc(‘ss thc^ carl)onat(\s of barium and strontium 
are more readily converted into oxides in the absence of calcium 
carbonate), the ignited mass boiled with a little water, the solution 
filtered and evaporated to dryness, and the residue examiiu'd with 
the sj)ectr(w.ope (Engelbach). 

If traces of calcium and strontium are to be detected in barium 
minerals, they are converted by a suilable, method into chlorides, 
the latter extracted with a very small amount of absoluti' alcohol, 
the extract evajiorated, and the residue examimxl with tlie spectro- 
scope. 

For the detection of traces of calcium and barium in strontium 
minerals, the chlorides are repeatedly extract(‘d first wit h cold and 
then with hot alcohol. Tlu^ first extract will c-ontain the (jalcium, 
the later ones the strontium, and the final extract or residue the 
barium. In each case the substance is ignited in the reducing flame, 
then moisten(;d with hydrochloric, acid, and introduced into the 
8pectros(‘ope flame (Bunsen). 

Good results are sometiiiKiS obtained by the use of the lamps 
devised by Beckmann ^ {ef. »Sce. 22, p. 98), in which the salt is 
distributed through hydrogen and introduced together with the gas 
into the flame. A similar appliance has also been devised by E. II. 
Riesenfeld and II. E. Wohlers.- 

E. H. Riesenfeld and G. Bfiitzer {Ber., 46 , 4130) recommend the 
use of arc-liffk spectra for the sp(‘ctroscopic detection of the members 
of the second analytical group, and describe a special apparatus for 
the production of sucli spectra. By this means it is possible to 
detect not only barium, strontium, and calcium, but also magnesiun?, 
the spectrum of which under these (jondijions shows three adjacent 
lines, 516-8, 517-3 and 518 4. 

‘ Zeilsch. physik. Chem., 57, 649. “ Ber., 39, 2628 ; Chem. Zeit., 30, 704; 
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Thirj) Group. 

Ions of the Metals of the Earths. 

Meiii]>ers of frequent oeeurrence : Aluminilim» Chromium. 
Meiuber.s of l urer occurrence : Beryllium, Thorium, Zirconium, 
Yttrium (and other ions of the yttria earths), terium. Lanthanum, 
Didymium [Pmscodiimiam and 'iirodijmiuiH), Scandium, Titanium, 
Tantalum* Niobium. 

Sk('. 39. 

('liururteristics of the Group. 

Position of the Members in the Periodic System.— I'lie only 
('1(*,iiients of fn‘(jU(‘nt occurnuicii cont<iinc<l in tlie tliird analytical 
<i;rou]) are aluuunnou. the characti'i'i.stic. niemher of the third j^roup 
of the [leriodic s\ stem, and vhroinitnn. which occupies quite a ditt'erent 
])OHition in th(' period ut system (in the sixth ;^roup), hut which, in 

so far as it is pn'semt as chromic ion, I'l , closely resembles aluminium 

in its analytiial la'haviour. On the other hand, the elements of 
rarer o( currcnce classified in this ^roiq) are very numerous. Of 
thes(!, Iiiiryllium, whicli heads the list of th(‘. second group of the 
periodic system, is in accordance with tlie general analogies of the 
systmn, closelv related to aluminium To this grou]) also belong all 
the members, following scandium, titanium, or niobium, of the left- 
hand sub-grou|) of t lu! third, fourth, and fifth groups of the periodic 
system. The ehmieiits termed in tin; more rest ricted sense metah of 
the rare earths, are, with the exception of cerium, only trivalent ; in 
ac-cordance with tlu'ir occurrence and behaviour they are grouped 
undm’ the collective name of metals of tln^ yttria or ceria earths, and 
recentlv, witli the. exception of scandium and yttrium, which both 
have ([iiite dilferent atomic weiglits, and accordingly have their 
own place in the, periodic, system, they are frequently placed together 
in the positions occupied by lanthanum and cerium (p. 115).! This 
also gives expression to the fact that these elements iiave a particu- 
larly close resemblance to each other, and that some of them cannot 
be separated at all by the ordinary analytical methods. 1’hey are all, 
including cerium in its trivalent form, strongly electro-positive, and 
as regards their basicity come between magnesium and aluminium ; 
• hence they have only a slight tendency to form complexes and to 
undergo hydrolysis. , 

^ Cf. Brauncr, Zeiiftch. anorgan. Chem,^ S2, 1 ; R. J. Meyer, Naturwissen^ 
^ctiafkn, 2, 781. 
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The tetravalent elements belonging to the fourth group of the 
periodic system, titanium, zirconium, and thorium, as also cerium in 
its tetravalent oxidation state, are essentially more electro-negative, 
and of these zirconium and thorium may also be grouped with the 
metals of the rare earths in the wider signification. But, even in 
the fourth gro.up 'of the periodic system, the positive cliaracter 
increases with the rise in atomic weight, so that, whilst titanium 
shows an amphoteric behaviour, and is found both in combination 
with oxygen as the anion of a weak acid (especially in alkaline fus^d 
masses) and also as the cafmi of a weak base (in acid aqueous 
solution), thorium is known only as cation, and there arc no thorates 
corresponding to the titanates. T’he solution of Ihe salts all show 
a strong tendency to hydrolyse and be converted into the colloidal 
condition, and this again is most pronounced in the case of titanium, 
which also has the greatest tendency to form complexes. 

The two elements, niobium and tantalum, belonging to the fifth 
group of the periodic system, are, in their normal pentavalent con- 
dition, decidedly negative (formation of anions). Their salt solutions 
usually undergo pronounced hydrolysis and readily assume Ihe 
colloidal condition. 

Analytical Characters of the Gxoxkp—The oxides, Jnjdroxuks, and 
salts of oxygenated acAds of metals of the third group do not volatilise 
on ignition. The oxides, hydroxides, and phosphates are insoluhJe in 
water. The hydroxides usually show a considerable tendency to 
form colloidal solutions. In accordance with their weak electro- 
positive character, as compared witli tliat of members of the two 
preceding groups, the members of this group show no tendency to form, 
carbonates. The sulphides cannot be })repaied by the W(d- method. 
Hydrogen sulphide, therefore, does not form a precipitate in the solu- 
tions of their salts. Ammonium sulphide, like ammonia, prcci])itates 
the hydroxides from solutions of salts containing the metals of the 
third group as cations. (With regard to their occurrence as anions 
in combination with oxygen and organic grou])s, vide infra). This 
behaviour towards am,monia and ammonium sulphide distinguishes the 
metals of the third group from those of the preceding groups. 

Nearly all the metals of the third group can both form salts with 
acid radicles (in the solutions of which they are thus present as 
cations), and can also combine with oxygen to form acid radicles^ 
(anions), which then unite with strchigly basic cations to form salts, 
so that in that case the metals of the third group are part of the anion. 
The hydroxides of metals of the third group can therefore act both 
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as bases and as acids. In the case of the last three members of the 
group tlie liydroxidcs (and in the older nomenclature their anhydrides, 
the oxides) arc, tlu'refore, also termed acids, because they are already 
of a pronounced acid character. Some of the metals of the third 
group can form complex compounds with hy^roxylatcd organic 
substances, hi the presence of such orqanic s-uhslami’s these metals 
are contained in solutions of their salts, not as cations, but as con- 
stituents of complex anions, and hence do not show the ordinary 
reactions, ejj. are not precipitated by alkali hydroxides. 

Special REA(#noN.s of the Members of Group III. of 
Frequent ()< ( tirrence. 

Sec. 40. 

(a) Aluminium, Al, 271. 

1 . Aliuniniuni occurs as a coiistituent of rocks, especially as 
silicate, and is very widely distributed in all kinds of soil. It is 
a trivalent, nearly white metal of sp. gr. 2'r)83, and melts at Gbl’f)”. 
It docs not oxidise when exposed to the air, and in compact masses 
hardly does so, even on ignition. It is ju'epared by electrolysing the 
oxide between carbon electrodes in an electric furnace. It can be 
filed and is very ductile. Aluminium does not decompose water 
even at the boiling point. It dissolves readily in hydrochloric acid 
with the liberation of hydrogen, forming aluminium chloride, 
AICI3, and also in warm potassium hydro.xide solution, forming 
potassium aluminate, A1(()K)3 or A10.0K ; it is only slowly dissolved 
by nitric acid, (‘ven on heating. 

2. Aluminium oxide (alumina), AI2O3, docs not volatilise on 
ignition, and, like the hydroxide, AI(()H)3, is w'hite or colourless. 
It dissolves slowly and very sparingly in dilute acids, but somewhat 
more readily in hot concentrated hydrochloric, acid. Fusion with 
potassium hydrogen sulphate converts it readily into a mass which is 
soluble in water. In the amorphous condition the hydroxuh is 
readily soluble in acids, but in the crystalline condition dissolves with 
very great difficulty therein. After ignition with alkalis or alkali 
carbonates the resulting alkali aluminate is readily dissolved by 
acids. By igniting a mixture of alumina and carbon in a current of 
chlorine, or by the action of car^)on tetrachloride vapour, (td4, or 
alumina at a temperature I'elow red-heat (Demarcay), a sublimate of 
aluminium chloride, AICI3, is obtained. 

3. Aluminium salts arc white or colourless, those containi,9g 

11 
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oxygen are non-volatile, some arc insoluble, others soluble. Anhydrous 
aluminium chloride is solid, forms colourless crystals, is volatile, and 
dissolves easily in water. The soluble aluminium salts of oxygenated 
acids have a sweet taste, coalesce, redden litmus (owing to hydrolytic 
dissociation), and decompose on ignition into aluminium hydroxide 
and the so-calle<l aHid anhydride. Tlie salts insoluble in water are, 
with the exce])tion of certain oomjmunds of (.natural occurrence, 
dissolved by hydrochloric acid ; those insoluble in liydrcchloric acid 
are decomposed on ignition with sodium and ])otassiiini carbonates 
or potassium hydrogen sulj)hate (p. 57). 'rhey may also be decom- 
])osed and dissolved by heating them for 2 hours at 200” to 210” 
in a finely ])Owdered condition with 25 ])er cent, diydrochloric acid, 
or with a mixture of 3 ])arts by weight of concentrated sulphuric 
acid and 1 part of water in .sealed gla.ss tubes (A. Mitscherlich). 

4. Potassium hydroxide and sodium hydroxide (as also barium 
and calcium hydroxides) imduce in solutions of aluminium salts a 
voluminous precipitate of aluminium, hydroxide, Al(OH )3 (containing 
alkali and usually mixed with basic salt), which is readily and completely 
soluble in excess of the preci pitaiiny reaqent. The solution of aluminium 
hydroxide in solutions of the hydroxides mentioned de])ends upon the 
fact that it is an amj)hoteric electrolyte {i.e. positive or negative 
according to the conditions). When the hydroxyl ion concentration 
is sufficiently high (excess of alkali hydroxide) hydrogen ion is sf)lit 
off from the [)ortion of aluminium hydroxide, remaining in solution 
as base (and combin(*s wuth the hydroxyl ion to form water), and the 
cation Al”’ is thus converted into the anion AH)'";} or AlO.O' : 

(Al---4-3()HVh{ll(>H'-f3Na*) -(Al(r3+3Na-)+3H20 
or (Al-+30H')+{0H'+Na-)- (AlO.O'-fNa')d 21U) 

This destrovs the equilibrium between the undissolved aluminium 
hydroxide (the body substance) and the aluminium hydroxide 
remaining in .solution as base, .so that a further })ortion of aluminium 
hydroxide is dissolved, and undergoes the same decomi)ositiun\ 
This process continues, in presence of a .suHicient exce.ss of alkali 
hydroxide, until the whole of the aluminium hydroxide has dis.solved. 
The proce.ss of the conversion of Al ' -fbOH' into AlO^'H-SH^O is 
reversible, and only continues to finality from left to right w4ien there 
is a great excess of hydroxyl ions. The solution of the resulting 
alkali aluminate remains clear <pn lioiling, but the aluminium 
hydroxide is re-precipitated even in the cold, and completely on 
boiling, by the addition of ammonium chloride. This ])recipitation 
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by ammonium chloride depends upon the fact that ammonium ion 
is decidedly less positive than sodium or potassium ions, and also in 
aqueous solution is largely decomposed into ammonia NH3 and 
hydrogen ion H', which combines with hydroxyl ion to form water. 
This causes a pronounced redu(*,tion in the hydroxyl ion concentration, 
and the anion AlO''' or AlO.O' is re-converted •into, the cation Al”* 
and the hydroxyl io^i [i.e. the process described above runs from right 
to left). If the solubility product of aluminium and hydroxyl ions 
i» thereby exceeded, aluminium hydroxide is ])rccipitated. On 
heating the licpiid tlie volatilisation of ammonia reduces the hydroxyl 
ion concentration still furtlier, aiid thus makes the precipitation more 
com])Iete. The precipitate is not soluble in excess of ammonium 
chloride solution. Ammonium salts do not interfere ivith the pre- 
cipitation of aluminium hjfdro.vide by potassium or sodium hydroxide. 
Acids first preci})itate aluminium hydroxide from solutions of alkali 
alurninate, and when added in further (piantity re-dissolve the pre- 
cipitate. The reactions outlined proceed as follows : — 

A1-‘-1-30H'=:A1(0II)3 

Al(()H)3+3()H'-Al0'"3-t-3H20 


or 

AI(OH)3+OH'=AIO.O'+2H20 

e.g. 

AlC'l3+3KOH=Al(OH)3H-3KCl 


AI(()H)3+3K0H=A1(0K)3+3H20 

or 

AI(0]I)3+K0H=A10.0K-|-2H20 


and in the reverse direction : 

AlO'"3+3ir-Al(OH)3 

or A10.0'-1-H+H20-A1(0H)3 

A1(0H)3-1-3II -Al- -1 3 H 2 O 
e.q. A1(0K)34 3HC!l-Al(OH)3-f3KCl 

or AlO.OK 1 lI(3+Il20“AI(()H)3-fKCl 

Al{011)3+3H01-A10l3+3H20 

The ])recipitation of aluminium hydroxide from alurninate 
solutions by means of ammonium salts is shown in the equation : 

Al(y"3+3NH-4-Al(OH)3-f3NH3 

e.y. Al{()Na)3-b3NIl4Cl=Al(OH)3-}“3Na(’l-|-3NH3 

5. Ammonia^ and also amiuoniuni sulphide, Imth produce a 
precipitate of aluminium hydroxide (containing ammonia and basic 
salt). This is dissolved, with thfi formation of alurninate, on adding 
a considerable excess of ammonia, but not readily, the difficulty of 
solution increasing with the proportion of ammonium salts in solution 



164 BEHAVIOUR OF SUBSTANCES TO REAGENTS ch. ii 


{i.e. the more the dissociation of the ammonium hydroxide is checked). 
Boiling promotes the precipitation by causing the excess of ammonia 
to escape. 

6. The carbonates of alkali metals and ammonium produce a 
white, flocculent precimtate, the composition of which varies with the 
conditions of cohccntration and temperature. It is a strongly basic 
aluminium carbonate or a mixture of much aluminium^ hydroxide 
with some aluminium carbonate. The aluminium carbonate formed 
in the equation : 

2 Al' ' * Al2(C03)3 

e.g. 2AlCl3-f3Na2C03=r=Al2(C03)3-h6Naa 

is, to a large extent, immediately hydrolysed ; 

2Al-+3C0"3-f6H20=2Al(0H)3-h3H2C03 

The unstable carbonic acid molecule then decomposes with the 
formation of water, and carbon dioxide which escapes with effervescerice. 
The precipitate is somewhat soluble as aluminate in excess of 
potassium or sodium carbonate solution, but less so in excess of 
ammonium carbonate solution. In the case of the latter boiling 
promotes the precipitation. 

7. On treating the solution of an aluminium salt with finely 
divided barium carbonate (precipitated in watex) decomposition talcs 
place even on standing in the cold. Barium ion is dissolved wlnle 
aluminium is precipitated as a basic salt or hydroxide and carbon 
dioxide escapes. 

8. Sodium thiosulphate solution gives, on heating, a white jrre- 
cipitate, consisting of a mixture of almninium. hydroxide and sulphur, 
(According to Friedheim and Zimmermann the precipitate also 
contains basic aluminium sulphate and sulphitv.) 

The reaction takes place in accordance with the equation : 

2Al-+3S20"3+3H20-^2Al(OH)34-3S4 3SOo 
e.g. 2AlCl3+3Na2S203+3H20=2Al(()]I)3H GNaClH‘;3S+3S02 

Here, owing to the hydrolytic dis.sociation of the aluminium salt, 
the resulting free acid {i.e. its hydrogen ion) has a decomposing action 
upon the thiosulphate ion : 

S20"3+H--HS()'34-S 

€ 

The weakly negative hydrosulphite» ion combines with a 
further hydrogen ion to form undissociated sulphurous acid, which 
decomposes, especially on heating, to form water end sulphur dioidde, 
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which escapes. As the hydrogen ion corresponding with the 
hydrolysis equivalent : 

(Al--f3Cr)H-3(H-+OH0$(Al-+3OH')-f3(H-+Cr) 

is removed, a new dissociation of the aluminium salt continually 
takes place, the solubility product of ahiminiuMi hydroxide is 
exceeded, and the hydroxide is precipitated. 

Nole.'i to 4, 5, 6, 7, and 8 : (a) If phosphale ion is also present in 
fhe aluminium solution, phosphate, not hydroxide, is precipitated. 
(?>) Tartaric acid, citric acid, and other non-volatile organic acids, if 
present to any considerable extent, interfere with the precipitation 
of aluminium, owing to the formation of complex anions. For the 
same reason the presence of sugar and similar organic substances has 
an influence on the completeness of the precipitation. 

9. Disodium hydrogen phosphate precipitates aluminium phos- 
phate, Air()4-|-4n20, from solutions of aluminium salts. The 
voluminous j)recipitate dissolves readily in potassium and sodium 
hydroxide sglutions, with the formation of aluminate ion, AlO^'s, and 
phosphate ion, rO''' 4 , but with more dilliculty in ammonia solution, 
and is almost insoluble in the presence of ammonium salts. Hence 
ammonium chloride jjrecipitatcs it from solutions containing sodium 
or potassium h}'droxidc. The precipitate is readily soluble in hydro- 
chloric or nitric acid, but not in acetic acid (distinction from 
aluminium hydroxide) ; sodium acetate therefore precipitates it 
from its solution in hydrochloric acid, if the latter is not too con- 
centrated. Tartaric acid, sugar, etc., do not interfere with the 
precipitation of aluminium phosphate, but citric acid prevents it 
(Grothe). 

10. Oxalic acid and its salts do not precipitate aluminium from 
solutions of its salts. 

11. Potassium sulphate, when added to very concentrated 
solutions of aluminium salts, caustis a gradual separation of aluminium 
potassium sulphate (alum), AlK(tS 04)2 1 I 2 H 2 G, in the form of 
crystals or a crystalline powder. Analogous alums are also produced 
by other members of the first analytical group, especially rubidium 
and csesium ion. Use is made of the sparing solubility of the 
ceesium alum in the microchcmical detection of aluminium. 

12. On ipjniting aluminium compounds on charcoal by means of 
the blowpipe, then moistening ifie deposit with a solution of CObaltOUS 
nitrate, and again igniting it strongly, an unfused bright blue muss 
(a cobalto-aluminate) is obtained. The colour first appears distinctly 
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after cooling. In candle light it ap])ears violet. The reaction is 
only relatively distinctive when the blue mass is infusible or melts 
with difficulty ; it is never absolutely decisive, because there are not 
only readily fusible compounds free from aluminhim, but also some 
which fuse with difficulty or not at all {e.g. the neutral phosphates of 
the alkaline earths), which can give a blue coloration when ignited 
with cobaltous solution. 

13. Alkanet tincture ^ is gradually coloured reddish -violet with 
strong orange-yellow fluorescence by neutral solutions of aluminium 
salts (chloride or nitrate). The solution shows a characteristic 
absorption spectrum with three bands at r)85'75^/x, r)42’5jLi/x, and 
504‘8/xp, respectively. If the solution is too concentrated, so that 
the bands cannot be distinctly recogni.sed, the solution is diluted 
with alcohol. In dilute solution the coloration at first develops 
gradually, and the bands recede by <legrees from the ])laces of lower 

^ to those of higher refrangibility. Ammonia precipitates aluminium 
hydroxide, whilst nearly all the other metals give in ammoniacal 
solution more or less characteri.stic colorations and absor])tion s])ectra 
with alkanet tincture. Hence, as a rule, they do not interfere with 
the aluminium reaction. (Formanek, Zeitsch. anal. Chem., 39, 41G.) 
With regard to absorption spectra, see also H. W. Vogel, ilnd., 15, 
332, and 17, 89, and F. v. Lepel, ibid., 17, 89. 

14. Morin solution - gives a very fine green fluorescence with 
solutions of aluminium salts, even when greatly diluted. (Distinc- 
tion from beryllium and the other rare earths.) ((Topj)elsroder, 
Zeitsch. anal. Chem., 7, 195.) With regard to the detection of 
aluminium by means of logwood tincture, see also Horsley and 
Schumacher-Kopp, ibid., 31, 222 ; by means of cocfienille tinciurc, 
see Kuckow, ibid., 3, 362 ; and by means of alizarin, see F. W. Atack, 
Chem. Zentralhl., 1916, I., 176. 

15. For the microchemical lUieclion of aluminium, see Haushofer, 
Mikroskopische Reaktinnen, p. 12 ; Behrens-Kley, Mikrochemische 
Analyse, 3rd ed., p. 80 ; Schoorl, Zeitsch. anal. Chem., 48, 215, and 
60, 266 ; Rathgen, ibid., 53, 33. 

1 For the method of preparing this, see Magnesium, See. 37, 3. 

* Morin is a dyestuff occurring in fustic. It is prepared by boiling the fustic 
repeatedly with water, and concentrating the filtrate, which causes calcium 
morin to separate. On treating this wi^i sulphuric acid containing alcohol 
calcium sulphate is formed, and the morin remains in solution in the alcohol, 
from which it can then be precipitated by water. (Lowe, Zeitsch. anal. Chem., 
14 , 117). The above-mentioned reagent is an alcoholic solution of pure morin. 
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Sec. 41. 

(b) Chromium, Or, 52. 

1. Chromium in the pure condition is a white, lustrous, crystalline, 

hard, brittle metal of sp. jijr. G'92, melting at Chemically it 

is characterised by tlie fact that it shows very different stages of 
valency, v hich in some cases change easily into each other. In the 
compounds of most frequent occ.urrence it is either trivalent, and 
analogous to aluminium, as in chromic compounds (which are mainly 
dealt with in this section), or lu^xavahuit, as in chrovuiies (which are 
more fully descriljed among the anions. Sec. 101). In addition to 
these, there are. also compounds of divalent chromium, clmmmus 
compounds, and tc'travalent and pentavalent chromium, but they 
are not of fre(pient occurrence, and some of them, as, for example, 
the chronious compounds, which .speedily absorb oxygen, arc very 
unstable ; they can easily b(‘ converted into chromic, comjiounds or 
chromates and identified as such. Mdollic chromucm is soluble in 
hydrochloric acid and other hydrogen halogen acids, in sulphuric acid 
and in oxalic acid solution, with the liberation of hydrogen and form- 
ation of chromic, compounds (or mixtures of chronious and chromic 
compounds). It is insoluble in oxidising acids (nitric acid, chloric, acid) 
and in weak acids (phosjihoric acid, tartaric acid, etc.). The 
soluhility is greatly inodifiisl by various influences, such as immersion 
in nitric aihl, or anodic ])olarisation. ('hroiniuin which has been 
subjected to this treatment is no longer soluble in dilute acids, but 
retains its lustre on exposure to air and behaves as a “ noble ” metal. 
This is termed the “ passive ” condition of chromium, as distinguished 
from the “ active ” condition, in which the. chromium dissolves in 
dilute, acids and undergoes siqierfic.ial oxidation on exposure to the air. 

2. (Chromic oxide, chromium oxide, amorphous green 

powder, but also occurs in the; form of nearly black crystals (green 
when jiowdered). The hydroxide, which can form hydrates with 
variable amounts of water, is usually a grey-green powder. The 
precipitated hydroxide, Cr(()lI) 3 . 2 U 20 , is readily soluble in acids. 
When dehydrated below ignition temperature it yields hydroxides 
containing less water and eventually the oxide. These compounds 
are only sparingly soluble in acids, and when ignited become in- 
candescent, and are converted ^nto a yellowish-green oxide insoluble 
in acids. Two different types of hydroxides correspond with the two 
series of salts (see 3), Cr(OH) 3 , corresponding with the violet salts, 
and Cr()(()ll) with the green salts. 
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3 . The chromic salts, corresponding with chromic oxide, are usually 
violet in the crystalline condition. Many of them dissolve in water, 
and most in hydrochloric acid. The solutions of the salts are of a 
violet or green colour. When heated, the violet solutions become 
peen, whilst on spontaneous eva})oration of the green solution there 
is a gradual change hack into the violet salt. On evaporating the 
violet solutions crystals arc obtained ; the gfben solutions yield 
either an uncrystallisable syrup or crystals of tlie violet compounds, 
into which they have been converted. The violet salts are to he 
regarded as the neutral salts, and the green salts as tlic basic salts, 
mentioned above as corresponding with tlie hydroxide (see 2 ). 
Hence they are produced in the solutions froni*thc normal violet 
salts in consequence of a ])artial liydrolytic dissociation in accordance 
with the reaction : Cr'^-f-HoO— OrO'-|- 2 H‘. The formation of 
complex ions is also involved in the process. i CTromiiim can also 
form complex compounds with a whole series of other substaiK CS, as, 
for example, with hydrocyanic acid, with sulphuric acid, with organic 
compounds containing liydroxU. as well as with ammonia, amines, 
pyridiiu', etc. (chromiac compounds). The.sc com))lex coni])ounds 
do not show the reaiTions of the chromic ion. Chromic salts of 
volatile acids lose their acids on ignition ; a([ueous solutions of soluble 
salts redden litmus, owing to hydrolysi:,. Anhydrous chromic 
chloride jirepared by sublimation is ciy.stalline, volatilises with 
difficulty, is violet in colour, and insoluble in water and acids. 
Ihe presence of even a small quantity of chromous chloride or 
a similar reducing agent renders anhydrous chromic chloride 
soluble. 

4. Potassium or sodium hydroxide produces both in the green 
and violet sohdions of chromic salts a hlmsh-green precipiiate of chromic 
hydroxide, which cm addition (f excess of the precipitant., forms chromite 
ions, Cr03ll 2 or CrO'''3, and dissolves readily and completely to an 
emerald green solution. IJ this solution is boiled for some time, the 
precipitate (unlike the comjiound in the corresponding aluminate 
solution) separates completely, so that the supernatant liquid aj)pcars 
completely colourless. ^Fhe chromite ions are thus unstable at the 
boiling temperature. Hence the alkali hydroxide solutions of 
chromic hydroxide are frequently regarded as only colloidal solutions 
of the hydroxide. The decomposition of chromites on boiling takes 
place in accordance with the equatiSns : 

» Recoura, BvU. Soc. Chim. [.'{], 6, <K)9 ; Whitney, Zeitsch. phy^nk. Chem. 

20, 40. ’ 
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Cr03H'2+H20-Cr(0H)3+01I' 

or Cr0'"3+3H20=Cr(0H)3+30II' 

e.g. Cr 03 H 2 Na+H 20 -Cr( 0 H) 3 +Ha 0 H 

or Cr(ONa)3+3H20-Cr(OH)3+3NaOH 

5. Ammonia, and also ammonium sulphide, precipitates from 
green solutions of chromic salts grey-green cJirmnio^fiydroocidf^, and 
from violet solutioiift grey-blue hydroxide. The former precipitate is 
soluble in cold hydrochloric acid forming a red-violet solution, whilst 
tlie latter givc's a bluish-violet solution. Other conditions (such as 
the concentration, method of adding the ammonia, etc.) also have an 
infiiu'ncc on the composition and colour of these hydroxides. In the 
jiresence of excess of ammonia the hydroxides dissolve to a slight 
extent in the cold, forming a ])each-coloui'ed to deej> red solution ; 
but on boiling the ^'suiting solution for some tinn* the hydroxkh; 
is coin])letely precipitated. 

6. Sodium tliiosul phule fiolulion produces, on boiling, a grey- 
green ])recii)itate of (diromic hydroxide and suljdiur. The remarks 
made in connection with the analogous reaction of aluminium 
compounds (8ec. 4(), 8) also apjily to the formation of this pre- 
cipitate. 

7. Alkali carbonates precijjitate basic chromic carbonate^ which 
is only sparingly and slowly soluble on adding excess of the pre- 
cipitant {cf. Sec, 10, 6). 

8. Barium carbonate prcd pitaics from solutions of chromic sails 
the whole ofihe chromic ion in the form of hydroxide mixed with basic 
salt. The separation takes place even in the cold, but is only com- 
plete after standing for a considerable time {cf Sec. 40, 7). 

Ih Disodium hydrogen phosphate precipitates from boiling green 
or violet, neutral or slightly acid, chromic salt solutions, which have 
been treated with sodium acetate, the whole of the chromium as 
chromic i)hos])hat(‘, CrPOj j-3ll20, in the form of a light green 
precipitate (A. C'arnot). 

Notes to 4, 5, 7, 8, and 9 : The precipitability of chromic ion by 
means of ammonia from solutions of either the violet or green chromic 
salts is more or less influenced by the presence of tartaric acid, citric 
acid, sugar, and oxalic acid : after standing for some time the pre- 
cipitates first produced redissolve completely, forming violet or 
green solutions. The precipitation by barium carbonate is inhibited 
by the presence of the above-lnentioned acids. A solution of a 
chromic salt, which has licen boiled for some time with sodium 
acetate, and then cooled, is not precipitated by alkali hydroxides 
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and carbonates, barium carbonate, or ammonium sulphide in the cold, 
but gives a precipitation on boiling (Reinitzer). 

10. On boiling a potassium or sodium hydroxide solution of 
chromic hydroxide for a short time with a slight excess of brown 
lead peroxide tJw rjtromic ion is oxidised to chroniaie ion. On filtra- 
tion a yellow solution containing chromate and plumbate anions is 
obtained. On acidification with acetic acid lead chronyile separates 
as a yellow preci])itate (Chancel). 

11. If a liquid containing chromic ion is run into a hot solution of 
sodium carbonate containing potassium permanganate, and the mix- 
ture boiled for a short time, the chromic ion is converted into cAro- 
m<ile ion. On then adding a few drops of alcohol to reduce the excess 
of ])ernuinganate, and filtering off the separated mangan<‘se dioxide 
hydrate, any apprecial)le quantity of chromium may be recognise.d by 
the yellow colour of tlie filtrate containing chromate ion (I)onath). 

Other oxidising agents, such as bromine, hydrogen peroxide, 
soditm peroxide (and also tin; percarhonates. persnlphales, and per- 
borates of the alkali metals) in alkaline solution also cause a change 
of chromic into chromate ion. Tliis is indicated by the colour of 
the solution changing from green to v(“llow. Chromic ion may also 
be oxidised to chromate ion in acid solution, e.</. by means of 
permanganate, nitric acid, and potassium chlorate, or by means of 
ammonium persulphate in dilute sulphuric acid solution. In the 
presence of concentrated sulphuric acid the last reaction proceeds in 
the reverse direction (v. Knorre^). 

12. If chromic oxide or a chromic salt is fused with sodium nitrate 
and carbonate, or better, with potassium chlorate and sodium 
carbonate, or with sodium peroxide (Hempel), the tri valent 
chromium is converted into the hexavalent condition. Alkali 
chromate dissolving in water to form an intense yellow solution is 
obtained by this reaction. 

Notes to 10, 11, and 12 : If the amount of chromium is so small 
that the filtrate does not show a yellow coloration, a trace of 
chromium present may often still be detected by concentrating the 
liquid and then applying the te.sts recommended for the detection of 
minute quantities. 

13. Alkali phosphate dissolves chromic oxide and chromic salts 
both in the oxidation and reducti^>n flame to form faint yellowish- 
green beads, the colour of which changes U) emerald green on cooling. 
Borax behaves in a similar manner. 

^ * Zeiisch. angew. Gheni., 16, 
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14. For the microchemical detection of chromic compounds, see 
Ilaushofer, Mikro.sicopische ReaUionen, p. 17 ; Behrens-Kley, 
Mikrochemische Analyse, 3rd ed., p. 86; Schoorl, Zeilsch. anal. 
Chem., 48 , 219. 

Hkv. 42. • . 

aaH Remarks on Aluminium and Chromium. 

• All! mini urn ia characterised by the fact that it is precipitated by 
alkali (or barium) hydroxich', but redisaolves on addition of excess 
of tlie reagent, and can be r(*[)reci})itated from this solution by means 
of ammonium chlcfride (or hydrochloric acid followed by ammonia).^ 

Tlu'se cliaracteristics, however, cannot be used for the detection 
of aluminium ion when chromic ion is simultaneously ])resent, because 
the latter behaves in the satm*. way. The. alkaliiu' solutions of 
aluminate ion and chromib* ion may be distinguished, liowever, by 
the fact that tlu' former is stable when boiled, whilst the latter is 
decomposed, with the jirccipitation of rlirornic hydroxide. 

1. 'the ions of both metals of the third group may, therefore, be 
detected in solution by adding an excess of alkali hydroxide, diluting 
tlie clear alkaline solution with a suitable ])roportion of water, boiling 
it until the licpiid is colourless, and then filtering it. 

The green ]»reci])itate of chromic hydroxide is filtered off, and may 
be further identified, e.y. by means of phosphoric acid. 

The tiltrate is heated with a suflicient quantity of ammonium 
chloride, or, better, acidified with hydrochloric acid (which produces a 
temporary preci])itate of aluminium hydroxide), and rendered just 
alkaline with ammonia. The gelatinous precijiitate becomes floccu- 
lent on licating. It may be identified by its behaviour when heated 
with cobaltous nitrate in the blowpipe flame. 

This method of separation is not always entirely trustworthy in 
the case of very small quantities of chromic ion. In the presence of 
non-volatile organic, acids it fails altogether. 

2. Hence the methods of separation based upon oxidation of the 
chronne ion to chromate ion are more certain. The oxidation may 
be effected in alkaline solution by boiling with ])otassium perman- 
ganate. The excess of the latter is reduced by heating the liquid with a 

* ^ For the detection of traces of aluiuinium, C. H. Petit {Chim. Zcntralhl., 
1914, I., 818) recommends that a liydAxide precipitate should first Ih? produced 
hy means of ammonia in the seflution under examination, the liquid then treated 
with baryta water, heated to boiling point and filtered, and the filtrate acidified 
with sulphuric acid, filtered from the precipitated barium sulphate, and tested 
with ammonia. .. 
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little alcohol, and filtering it from the precipitated manganese dioxide 
hydrate. The yellow colour of the solution indicates the presence of 
chromium. On acidification the colour changes to reddish-yellow, 
owing to the formation of dicliromate ion, and the aluminium ion may 
then be precipitated by means of ammonia. 

Other oxidising agents, such as hydrogen 2 )eroxide or sodium 
peroxide, may be used instead of potassium *permanganatc. The 
alkaline (or if sodium peroxide has been used, slightly acidified) 
solution is boiled with the oxidising agent to destroy excess thereof, 
acidified and aluminium ion ])recipitated with ammonia. Chromic 
ion may also be oxidised in acid solution to chromate ion by means 
of potassium chlorate or ammonium persulphate, and aluminium ion 
finally precipitated as hydroxide. 

If the acid solution containing chromic and aluminium ions is 
treated with sodium hydroxide until the precipitate first formed is 
completely re-dissolved, and bromine water then added in the cold 
until the colour of the litpiid changes from green to yellow (until 
chromic ion has been convert(‘d into chromate ion), then heated to 
boiling point and treated with an excess of saturated bromine 
water, all the aluminate ion will be precijjitated as hydroxide in 
accordance with the formula : 

2Al(ONa)3-h3Br2-f 3H20-2Al(0H)3h NaBrOa-f 5NaBr 
(A temporary precipitate of chromic oxide may be j^roduced on the 
first addition of bromine. Jakob, Zcittich. amil. Chem., 52, 651.) 

3. If solid substances, as c.r/. the two oxides, are jnesent, it is 
advisable to oxidise the chromium oxide by fusion with a flux.i 
Thus, for example, 1 part of oxide is mixed with 2 parts of 
sodium carbonate and 2 })arts of potassium chlorate,'^ and fused in a 
platinum crucible. After cooling, the mass is dissolved in water 
(the yellow colour indicates the presence of chromate ion), the 
solution filtered from the unaltered residue of aluminium oxide 
(which may be identified by heating it with cobaltous nitrate in the 
blowpipe flame). The filtrate is acidified with nitric acid, and the 
resulting reddish-yellow solution rendered alkaline with ammonia, 
which renders it yellow again, and precipitates in the form of 
hydroxide the remainder of the aluminium (i.e. the portion of the 
oxide which was converted into aluminate by the fusion, and on 
acidification was transformed fron^ aluminate anion into aluminium 

^ Organic substances, if present, are best destroyed by ignition beforehand* 
2 Potassium chlorate is preferable to the nitrate, because the nitrite ion 
formed in the fusion process can again exert a reducing action on acidification. 
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cation). A certain amount of chromate ion may be carried down by 
the aluminium hydroxide (Brearley, CAew. Zentralbl. 1898, L, 1150). 

If the substance is fused with sodium peroxide (with the necessary 
precautions) ^ or witli a mixture of sodium peroxide and carbonate, 
the aqueous solution obtained by boiling the mass for some time 
with water (to destroy the peroxide) will contain the whole of the 
chromium as cliroma\e ion, and all the aluminium as aluminate ion, 
and, al'ter acidification, the aluminium ion may be precipitated with 
ammonia in the form of hydroxide. 

Special Reactions of the Rarer Members op the 
• Third Group.2 

■ Sec. 43. 

1. Beryllium, Be, 9*1. 

1. Bcrt/llinm is a divalent, white or greyish- white metal (sp. gr. 1-85, 
melting point below 1000"), which is stable in the air, does not decompose 
water, and is soluble in hydrochloric acid, sulphuric acid, and potassium and 
sodium hydroxide solutions, with the liberation of hydrogen. Beryllium 
is of rare occurrence in the form of a double silicate with aluminium in 
beryl and euclase, as a silicate in phenakitc, and in some other rare minerals. 

2. Beryllium oxide (berylla), BeO, is a white, tasteless powder insoluble 
in water. Prior to ignition it is readily soluble in acids, but after strong 
ignition dissolves slowly and sparingly in cold, but completely in hot, acids, 
and is readily soluble after fusion with potassium hydrogen sulphate. 
Beryllium hydroxide, Be{()H) 2 » dissolves readily in acids when freshly 
precipitated, and is stable. 

The comyouiids of beryllium closely resemble the compounds of 
aluminium. The soluble salts have a sweet astringent taste, and owing to 
hydrolytic dissociation have an acid reaction ; their solutions are colourless. 
The beryllium silicates of natural occurrence are completely decomposed 
by fusion with 4 parts of sodium carbonate, and most of them are decom- 
posed by heating them with concentrated sulphuric acid. 

Anhydrous heryllium tddoride, which may be prepared by igniting a 
mixture of beryllium oxide and carbon in a current of chlorine (or by 
moderate ignition in carbon tetrachloride vapour, L. Meyer and R. Wilkens) 
is white, crystalline, sublimable, hygroscopic, and readily soluble in water. 

3. Potassium hydroxide, sodium hydroxxde, ammonia, and ammonium 

1 Cf. p. 162, footnote 1. 

* The following sections have been largely based (especially Set's. 44 to 55) 
upon the comprehensive survey of the analytical chemistry of the rare earths 
by B. J. Meyer and 0. Hauser {Di$ Chemische Avahyse, XIV.- XV., 1912; 
Stuttgart, F. Enke), and upon the chapters contributed by R. J. Meyer to 
Abegg’s Handhuch der anorganischen Chemie. This reference is all that can be 
made hero to the very thorough treatment of the subject and to the extensive 
bibliography in both books. 
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stUphide, precipitate a white flocculent hydroxide from solutions of 
beryllium salts. When freshly precipitated, this is slightly soluble in 
ammonia solution and readily soluble in potassium and sodium hydroxide 
solutions, and can be precipitated from these solutions by means of 
ammonium chloride(inthealtered condition it is insoluble in alkali hydroxide 
solutions). Concentrated (i.e. containing a large amount of alkali hydroxide) 
alkaline solutions rciuain clear on boiling, but in the case of more dilute 
solutions beryllium hydroxide is precipitated, even on standing for some 
time, owing to the gradual but extensive hydrolytic dissoc’ation of the 
beryllium hydroxide in the solution into another modification which is less 
soluble. After the liquid has been boiled for some time the precipitation 
is complete. (Distinction from aluminium, but only applicable to complete 
separation therefrom when pure potassium hydroxide (not sodium 
hydroxide) is used, and when the dilution is not too great. ^) 

Tartaric acid prevents the precipitation by alkali hydroxide. Baryta 
waier also precipitates the hydroxide, the precipitate dissolving in excess 
of the reagent ; the solution remains clear on boiling. When boiled for 
some time with ammminm chloride the freshly-precipitated hydroxide is 
dissolved as beryllium ion, with the liberation of ammonia. (Distinction 
from aluminium hydroxide.) On heating a 10 per cent, solution of sodium 
hydrogen carbonate containing a beryllium salt t<3 boiling jioint there is no 
precipitation of beryllium hydroxide (a good method of separation from 
aluminium ion and iron ions, C. Parsons and S. K. Barnes ^). Methyl-, 
ethyl*, and dimethylamine precipitate beryllium hydroxide ; an excess of 
the reagent does not redissolvc it. (Distinction from aluminium ion, but 
not from iron ion, Renz.^) 

4. Alkali carbonates produce white precipitates, the composition of 
which varies with the conditions. As a rule a basic carbonate is formed ; 
this, when freshly precipitated, is soluble in a large excess of potassium or 
sodium carbonate solution, and in a much smaller excess of ammonium 
carbonate solution. This is a particularly characteristic distinction from 
aluminium ion, but, owing to the fact that in the prcsonci^ of beryllium ion 
a certain amount of ammonium hydroxide is also dissolved by ammonium 
carbonate solution (Joy), it does not afford a basis for the complete separa- 
tion of the two ions. On boiling the ammonium carbonate solution the 
beryUium ion separates readily and completely as bausic carbonate, but on 
boiling the solution produced by potassium or sodium carbonate a portion 
of the beryllium separates as hydroxide, although only after dilution. 

Barium carbonate does not form a precipitate when digested with the 
solution in the cold, but does so when boiled therewith. According to the 
detailed investigations of F. Haber and C. v. Oordt,‘‘ the solubility of 

1 According to A. Zimmermann the separation is complete when 0-3 grm. 
of the earths is dissolved in 300 c.c. of dilute potassium hydro.xide solution ; 
in the ca.se of more dilute solution.s aluminium hydroxide is precipitated simu*- 
taneously with the beryllium hydroxide* 

* Zeitsch. anal, Chtm., 46, 292. • 

’ Ber., 36, 2751. 

* Zeitsch. anorgan. Chtm., 38, 377. 
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beryllium hydroxide and carbonate precipitates decreases materially 
nith the age of the precipitates. The hydroxide which separates when 
diluted alkaline solutions are allowed to stand is in the altered form, and 
is therefore no longer soluble. It may be dissolved, however, by washing 
it and boiling it with potassium liydroxide solution, 

5. On treating a solution of a beryllium salt with diamnumium hydrogen 
phosphate (disodiura hydrogen phosphate cannot bo ifted yistead) in con- 
siderable excess, dissolving the resulting precipitate in hydrochloric acid, 
heating the liquid and adding ammonia solution, drop by drop, until the 
rea^3tion is neutral (an excess must be avoided), and then boiling the liquid 
for some time, the original slimy precipitate (beryllium ammonium phos- 
phate') becomes crystallim^ and rapidly subsides. Citric acid does not 
prevent the reaction. (Distinction from aluminium ion, which under the 
same conditions never forms a crystalline precipitate, and in the presence of 
citric acid gives no precipitate at all.) TIk' presence of much aluminium ion 
prevents the sf'paration of the precipitate of beryllium ammonium phosphate 
in jirescnce of citric acid ((,-. llossler). 

6. Oxalic acid and oxalates do not produce a precipitate in concentrated 
solutions of beryllium salts (distinction from the ions of thorium, zirconium, 
yttria earths, cent<' earths, lanthanum, and didymium), but a concentrated 
solution of potassium hydrogen oxalate precipitate's beryllium potassium 
oxalate. 

7. When fused with 2 parts of potassium hydrogen lluoride, KF.HF, 
beryllium oxide yields a fused mass which is soluble in water acidified with 
hydrofluoric acid. (Method of separation from aluminium oxid?, which 
when treated in the same way is left as a residue of aluminium potassium 
fluoride,) 

8. So<Iiu7n thiosulphate docs not produce a precipitate' in solutions of 
beryllium salts. 

f). For the separation of aluminium ion from iron ion Haber and van 
Dordt I recommend a method based on the difTerent solubuity of the 
acetati's in chloroform. If the liydro.xidcs are dissolved in glacial acetic 
acid and the solution diluted with water, concentrated by evajioration and 
extracted with chloroform, the beryllium ai'ctate is removed by the 
chloroform, whilst the acetatc%s of aluminium and iron remain in the aqueous 
layer. 

P'or the separation of aluminium ion from beryllium ion Havens - has 
proposi'd to treat the solution of the chlorides with equal parts of con- 
centrated hydrochloric acid and ether, and to saturate the liquid with gaseous 
hydrogen chloride. Aluminium chloridi' separates as an insoluble deposit, 
which can be filtered off in a Hooch crucible, whilst beryllium chloride 
remains in solution. 

For the detection of a small amount of beryllium ion in the presence of 
aluminium ion the hydroxides are dissolved in hydrochloric acid, the 
solutimi evaporated to dryness, amPthe residue dissolved in water, with the 
addition, if necessary, of a viwy small quantity of hydrochloric acid. The 
* Zcilseh. anorgan. (diem., 40, 40.5. * Ihid.^ 13, 436. 
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solution is transferred to a tube of resistant glass fused together at the lower 
end, and treated wuth potassium sulphate (about 12 parts to 1 part of 
alumina), and sufficient water to dissolve the salt when heated, and the 
tube, after its other end has been closed by fusion, is heated at a low 
temperature until everything is in solution, and then for half an hour at 
180° C. After coolirig, the tube is opened, the separated basic aluminium 
sulphate filtered off, the filtrate treated with ammonia, and the resulting 
precipitate separated and dissolved in hydrochloric acid. To^this solution 
is added sufficient citric acid to prevent any precipitation on the addition of 
ammonia, and the beryllium ion then precipitated as ammonium beryllium 
phosphate {rf. 5, also Sec. 40, 9) {('. Rossler). 

10. Morin does not fluoresce with solutions of beryllium salts. 

11. When moistened with solutiomtfiXd ignited beryllium 

compounds yield grey masses. 

12. For the microcheinical detfction, of beryllium, see Haushofer, Mikro- 
skopische Reaktionen, p. 23, and Behrens-KIey, Mikrochenmchc Analyse, 
3rd ed.,p. 47. 

Sec. 44. 

2. Thorium, Th, 232*4.^ 

1 . Thorium is a tetravalent metal, which has not y(‘t been isolated in an 
absolutely pure condition ; the ])reparations hitlierto obtained contain 
much oxide, and arc of a dark grey colour. Thorium occurs in the pre- 
sumably identical minerals thorite and orangite in the form of silicate, in 
thorianite as oxide, and in monazite as phosphate. The specific gravity of 
the unwrought metal is about ll'O ; its melting ])oint about 1700°. It is 
stable in the air, and radio-activi*. On gentle heating it ignites and bums 
with a brilliant fame to thorium dioxide. The metal is readily soluble m 
hydrochloric acid, with the liberation of hydrogen, dissolves with more 
difficulty in sulphuric acid and hydrofluoric acid, and is insoluble in nitric 
acid and in alkaU hydroxide solution. 

2. The oxule (dioxide, thoria), ThOj, is white, or frequently grey, owing 
to the presence of even traces of impurities ; when ignited it becomes 
incandescent, the light in the absence of cerium being faintly pale blue, and 
in the presence of cerium of a light bluish tint. After ignition it is only 
gradually converted by heating with sulphuric acid into a sulphate 
which is soluble in ice-water and in dilute sulphuric acid ; it is insoluble 
in other ‘acids, and on fusion with alkalis. On evaporating thoria, 
obtained by the gentle ignition of the oxalate, with hydrochloric or 
nitric acid, there is produced a colloidal milky-white solution of 
thorium dioxide, which by transmitted light appears pure yellow. A 
similar sol may be obtained from the precipitated hydroxide by treatment 
with thorium nitrate at the boiling Umiperature, or by treatment with a 
small amount of aluminium chloride, %rric chloride, or hydrochloric acid. 
Colloidal solutions of this kind may also be •prepared by long-continued 
treatment of thorium salts with very pure water, or by dialysis. The 

^ See p. 173, footnote 2. 
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addition of an electrolyte precipitates the resulting sol. Thorium hydroxide^ 
Th(0H)4, dissolves readily in acids when in the moist condition, but only 
with difliculty after drying. Thonmu rMoride, ThCl4, sublimes at an 
incipient white heat. It forms only a few extremely unstable complex 
salts of a thorium hydrochloric acid, since thorium as the most positive 
member of its group (periodic system) shows the le^st tendency to form 
complexes. Thorite, thorium orthosilicatc, is decomposed by moderately 
concentrated sulphuric acid and by concentrated hydrochloric acid. 

3. PokiSdium hydroxide, amnvonia, and amimnmm mlphide precipitate 
from solution of the salts white thorium hydroxide, which is insoluble in 
excess, even in the case of potaesiumhydroxide. (Distinction from aluminium 
and beryllium hydroxides.) Hydroxylamine hydrochloride does not 
inhibit the precipitaf^on by ammonia and ammonium sulphide (distinction 
from ui’aniura ion) ; tartaric acid prevents the precipitation. Anihne 
precipitates the hydroxide from solutions of thorium salts. (Distinction 
from the ions of cerium, lanthanum, didyinium, and yttria earths, A. Kolb.*) 
The precipitation is promoted by the presence of ammonium salts. 

4. Fotmsinrn earbonnie and ammonium carbonate precipitate basic 
thorium carbonate, which dissolves readily in excess of the precipitant when 
concentrated, and with difliculty w4icn dilute. (Distinction from aluminium 
1011.) The solubihty of thorium salts (including the oxalates and phos- 
phates) m alkali and ammonium carbonate solutions may be utilised in a 
method of separating thoriuin ions from the eeria earth ions, which form 
almost insoluble double salts with alkali carbonatCvS. The ammonium 
carbonate solution deposits the basic salt again even at 50°. Baiium 
carbonaie precipitates thorium ion quantitatively even in the cold. 

5. liydrojluoric acid gives a precipitate of thorium liuorido which is 
gelatinous at first, but becomes granular on standmg. It is insoluble in 
water and hydrochloric acid. (Distinction from the ions of aluminium, 
beryllium, zirconium, and titanium.) 

0. Oxalic acid and also ammonium oxalate produce in neutral and not 
too strongly acid solutions a white, very fine precipitate. (Distinction from 
aluminium and beryllium ions.) When this is produced in a boiling slightly 
acid solution and thiai allowed to stand for some time in the cold, it becomes 
coarsely granular, and will not pass readily through a filter paper. This 
precipitate of thorium oxalate, [Th(C204)2TCH20|, is practically insoluble 
in oxalic acid solution, and only very slightly soluble in dilute mineral acids 
(distinction from yttrium, cerium, and zirconium ions), but is readily soluble 
in a solution of ammonium acetate containing free acetic acid. It dissolves 
fairly readily in boiling concentrated solutions of alkali oxalates, especially 
ammonium oxalate, with the formation of very stable complex salts with 
the anions [T’h(C204)4]"", or [Tb(C204)3J", or [Th 2(030 4)5]". On cooling 
and diluting the solution there is no reprecipitation of thorium oxalate, 
provided that a sufficient excess of E^nmonium oxalate is present. (Distinc- 
tion from the ions of ceria earths, lanthanum, didymium, and to a certain 
extent from those of the yttria earths, although the oxalates of the latter 
^ Journ. pral'L Chew. (N. F.), 66, 69. 
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are not so insoluble in ammonium oxalate solution as those of the three first 
groups of oxalates.) On the addition of acid, especially hydrochloric acid, 
the resulting free complex acid, [Th(C204)4lH4, is readily decomposed and 
thorium oxalat-e is re-precipitated. (Distinction from zirconium oxalate, 
which is not precipitated under the same conditions.) Thorium oxalate 
may be separated frjm the oxalates of the other earths (with tl\e exception 
of those of the partially dissolved yttria earths) by precipitating them 
together from an acid solution, and extracting them with saturated 
ammonium oxalate solution. 

7. A concentrated solution of potassium sulphate precipitates thorium ion 
slowly but completely. (Distinction from the ions of aluminium, beryllium, 
and yttria earths.) The precipitate, potassium thorium sulphate, 
K4Th(S04)4.2H20, is insoluble in a concentrated solution of potassium sul- 
phate, but dissolves slowly in cold and readily in hot water. On the other 
hand, the corresponding sodium doid)le sulphate is readily soluble even in 
saturated sodium sulphate solution, in contradistinction to the behaviour 
of the ceria earth compounds, whilst the ytiria earth metals form soluble 
double salts both with potassium and sodium. Anhydrous neutral thorium 
sulphate is soluble in ice-water, but on heating the .solution even to the 
ordinary temperature it separates in the hydrated sparingly soluble con- 
dition. (Distinction from the ions of aluminium, beiyllium, tlui yttria earths, 
titanium, zirconium, and of the ceria earths (up to lanthanum), the hydrated 
sulphates of which dissolve with the most difliculty, after those of thorium.) 
This behaviour of the thorium ion is very important, and may be used 
(preferably below 20”) for its quantitative separation from the ions of the 
other earths. If the salt is reconverted by heating from the hydrated into 
the anhydi'ous condition it is again soluble in ice- water. (Distinction from 
titanate ion. Kriiss and Nilson.) 

8. If thoria is suspended in potassium hydroxide solution and subjected 
to a current of chlorine it does not dissolve. (Distinction from many other 
earths, but not from cerium oxide, which is converted into ceric hydroxide 
and remains insoluble, Lawrence Smith.) 

9. Sodium thiosvljihate precipitates from boiling neutral or slightly 
acid solutions of tlionum .salts a mixtun; of thorium hydroxide oi’ basic 
thiosulphate with sulphur. (Distinction from the ions of ceria and yttria 
earths with the exception of scandium.) 

10. Potassium ferrocyanidc produces a white precipitate in neutral and 
slightly acid solutions (a very sensitive reaction in neutral solution). 

11. Potassium azide (potassium hydronitrate), KN3, precipitates 
thorium hydroxide (or basic thorium azide) from slightly acid solutions 
containing thorium ion (distinction from the other trivalent ions of the 
earth metals of monazite), whilst hydronitric acid escapes : 

Th---f4N'3-f4H20=Th(0H)4+4HN8 
e.g. Th(N03)4-l-4KN3-}-4H20^Th(0H)4+4HN3 1 4KNO3 
(Dennis and Kortright,' Dennis^). This is a very characteristic reaction 

* Zeitsch. anorgan. Chern., 6, 35 ; Zeitsch. anal. Chem., 34, 82. 
t * Zeitsch. anorgan. Chem., 13, 412 ; Zeitsch. anal. Chem., 38, 49, 
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of thorium. Acoordiug to Curtius and Darap.ski (./. prald. Chem. (N.P.), 61, 
412, 413), zirconium ion iti also quantitatively precipitated, even in the 
cold, from a neutral solution, and yttrium ion on boiling. 

12. Iodic acid produces a crystalline, precipitate of th/jriam iodatc in a 
nitric acid solution containing thorium ion. I’lio best method of applying 
the reaction is to acidify 2 c.c. of the solution under examiMation with nitric 
acid (free hydrochloric acid must not be present), and then to add 5 c.c. 
of a soliitioii of 15 grtns. of potassium iodaie in 50 c.c. of nitric acid of 
sp. gr. 1'4 and 100 c.c. of water. The iodatos of other earth metals, which 
are sometimes simultaiuMjusly precipitated, ai-c re-dissolved when they 
are lioiled witfi 10 c.c. of a solution of 4 grm.s. of potas.sium iodatc in 
100 c.c. of dilute niy ic acid and -lOO e.e. of water, since they are all soluble 
in nitric acid. Tlie remaining precipitate must not disappear on the 
further addition of the dilute ])otassium iodatc solution. By this means it 
is possible to detect thorium ion in a dilution of 1 : 10,000. Zirconium, 
titanium, and teti'avalent cerium bi'liave in a similar inannei-, but may 
easily be distinguished, the lirst two by the reactions in ISecs. 45 and 52, 
and the last by reduction with sulphur dioxide, after which it docs not give 
the reaction. 

13. Ilj/droyrti peroxide [ireeqiitatijs all the thorium ion in tlie form of 
a white gr'latinous precipitate of ihonum prro.ndc hydride^ especially on 
heating, from luaitral .solutions, or tliosi* slightly acidified with sulphuric 
acid, or from solutions containing excess of ammonium carbonate. (Distinc- 
tion from the ei'ria earths ; in the pie.seiice of the latter, however, the 
precipitate invariably contains cerium.) The pi-ecipitatc is soluble in 
presence of a large amount of sulphuric acid (Clevc,^ Wyi’oubolf and 
Verncuil,^ Bi.ssarjewski. '9 

14. A coiiceiitrated solution of sodiani hypoph/oeipJuik, NaHPOa 1 2H20,^ 
produces in boiling .solutions of thoiium salts in strong hydrochloric acid a 
fiocculent precipitate of thorium hypophosphatc. (Distinction from the ions 
of the trivalent earth midals.) Titanic acid, ceric ion, and zirconium ion 
yield appreciable jirccipitates, but any cim iuiu still pi’cseiit may be reduced 
by a preliminary boiling, and the titanic acid converted by the addition of 
hydrogen peroxide, into jmilow pertitanic acid, which iloes not give the 
reaction. For the separation of zirconiuin, which is simultaneously tlu'own 
down, the precipitate is heated, with concentrated sulphuric acid with the 
addition of sodium nitrate, and tlie resulting solution of orthophosphates 
in sulphuric acid treated with oxalic acid, which precipitates only the 
thorium oxalate. 

15. A solution oi fiimaric acid in 40 per cent, alcohol precipitates from 
a solution of a thorium salt (in 40 per cent, alcohol) the whole of the 
thorium ion in the form of a salt of fumaric acid. (Distinction from the 

^ Bull Soc. CMm., 43, 53. • 

* Compl rend., 126, 340. 

* Zeikeh. anorgan. Chejn., 31, 359. 

* Prepared as described by Salzer, Ann. d. Chem., 187 , 322, or of Rosenheim 
and Pinsker, Ber., 43, 2003. 
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ions of the other earth metals except zirconium and erbium. Floyd 
J. Metzger.^) 

16. Metanit) ohcnzoic acid produces a white precipitate in a neutral 
aqueous solution of a thorium salt. I’he addition of a few c.c. of an aqueous 
solution of aniline inetanitrobeiizoate renders the precipitation comjilete 
(A. Kolb and Ahrlc“;; (Distinction from cerous, lanthanum, and didymium 
ions, but not from ceric ion.) 

17. For tlie microchemical detection of thorium, see Hausbofer, Mikro- 
skopisrhe lleaktio)icn, p. 127 ; Behrens-Kley, Mikrochonischc AnahjsCy 
3rd ed., p. 114. 

Sec. 45. 

3. Zirconium, Zr, 00*6. ^ 

1. Zircomuni is a tetravalerit metal (sj). gr. 6’4) winch has not yet 
been prepared m an absolutely pure condition. It occurs as zirconium 
oxide, ZrOgt iii \arying degrees of purity in large deposits in cin tain places, 
as siheate in zircon, and m other minerals containing the rest of the 
rare earths. In the amoiphous form it is a black powder ; in the crystallino 
condition it forms sted-grey scales or hard brittle crystals with a metallic 
lustre. In the crystalline condition it does not burn below white heat, but 
in the amorphous state it burns below red heat, emitting a bright light and 
forming zirconium oxide. It is but little attacked by acids, with the 
exception of aqua regia and hydrolluoiic acid. It dissolves most readily 
in hydrofluoric acid even when dilute, (-’oncentrated suljihuric acid 
converts it rapidly into a sul])hato soluble in water. 

2. Zirco)iium oxide (zirconia), ZrO. 2 , is a white powder, which fuses at 
about 2700% and begins to volatilise at about 3000‘ ; it is incandescent 
when ignited. It is insoluble in hydrochloric acid, but after being heak'd 
for some time with a mixture of 2 parts of sulphuric acid and 1 jiart of 
water dissohes on the addition of water. Soluble zirconium salts are also 
obtained by fusion with sodium hydrogen sulphak, or with potassium 
hydrogen fluoride. The hj/droxide resembles aluminium hydroxide ; when 
precipitated in the cold and still moist it is readily soluble, but when pre- 
cipitated hot or diied it dissolvers with difficulty in hydrochloric acid. In 
accordance with the weakly electro-positive charackr of zirconium, the 
salts undergo pronounced hydrolytic dissociation in aqueous solution. 
Hence the solutions show an acid reaction. Crystallisation of the solutions 
invariably yields basic salts, of which the oxychloride, ZrOClj-l SHgO, is 
of especial importance for the preparation of pure zirconium. The tendency 
of zirconium to form complexes is particularly noticeable in the case of the 
sulphate, which, unlike the other salts (chloride, nitrates, etc.), which behave 
in the normal manner, forms complex ions, so that in the electrolysis of 
solutions of zirconium sulphate the wh^le of the zirconium goes to the anode. 
The composition of the resulting zirconium s»ilphuric acids, some of which 
can be crj'stallised, is very variable. 3’hey have b(!en studied in detail by 

^ J. Arner. Chein. Sac., 24, 901. * Zeitsch. angew. Chem., 18, 92. 
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Ruer ^ and by Hauser and Hcrzfeld.- The zirconium silicates of natural 
occurrence can be decomposed by fusion with sodium hydroxide or sodium 
carbonate. The fusion is effected at a high temperature after intimate 
admixture of the silicate with 4 parts of the flux. On treating the fused 
mass with water, sodium silicate is dissolved, leaving a sand-like residue of 
sodium zircoriate, which, when wa.shcd, is soluble iti hydrochloric acid. 
Zirconium sdicate is also decomposed very rcaddy by fusioii'with potassium 
hydrogen lluoridc, with the formation of potassium sdicofluoride and 
potassium zirconium fluoride, KoZi'Kq. Zirconium chloride, ZrCl 4 , may be 
obtained as a solid, white, sublimable substance, soluble in water, by fusing 
zirconia with carbon and igniting the resulting zirconium carbide in a 
current of (ihlorine, or by treating zirconia for a considerable time with 
carbon tctrachlorj(f,f at about 450” (l)emarcay ^), or by causing chlorine 
containing suliihur chloride to act upon zirconia (Matignon and Bourion^), 
Zirconium chloride is soluble m ether ; in the presence of even a small 
amoi^it of water it forms an oxychloride insoluble in water. A method of 
separating zirconium from iron ions has been based on this jiroperty. The 
solution of the chlorides is evaporated to dryness, the residue taken up 
with absolute ether, and the solution filb'-red. F(*rric chloride dissolves, 
whilst zirconium chloride is left nndissolved (Mattlunvs, (Ihcm. Zenlralbl , 
1899, I., 63). 

3. h)taf<sium hj/droride, sodium hydroxide, umtnouiu, and ammonium 
sulphide precipitate a white llocculent hydroxide from solutions of zirconium 
salts ; it is insolubU' in excess of the priicipitant (distinction from aluminium 
and beryllium ions) ; it is also insoluble in boiling ammonium clilorido 
solutions (distinction from beryllium ion). Tartaric aiud prevents the 
precipitation by alkalis and alkali sulphide, owing to the formation of a very 
stable complex acid with the formula [ZrO(OjHiO( 5 )lH 2 . A basic tartrate 
first separates from a concentrated tartaric acid solution, and on the 
addition of potassium liydroxide is converted into the potassium salt of 
the complex acid and dissolves. I’liis behaviour towards tartaric acid 
may be used as a means of separating zirconium from iron ions, since the 
latter are precipitated by ammonium sulphide* from a tartaric acid solution. 
The behaviour of the separated zirconium hydroxides varies with the 
previous treatment ; hydroxide ])rccipitated in the cold is readil}" soluble, 
whilst that precipitated hot or which has been ignited dissolves with 
difficulty in dilute acids. Hydroxide which has been treated (digested) 
with hydrochloric acid can form a colloidal pseudo-solution in cold 
water. 

4. I’he carhonates of potassium, sodium, ami nmnwnium gradually produce 
a white floeculcnt precipitate of basic zirconium carhonafe. It is soluble in 
a la-ge excess of potassium carbonate, more readily in potassium hydrogen 
carbonate, and very readily in ammonium carbonate solutions. (Distinction 

• 

^ Zeitsch. ammjan. Chem., 42, 87 ; 46, 449, 

^ Meyer and Hauser, J)ie Analyse der seltcnen Erden, p. 144. 

^ Compt. rend., 104, 113. 

^ Ibid., 138, 631 ; Chem.lZenlralbl., 1904, 1., 1056. 
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from aluminium ion.) On boiling those solutions gelatinous hydroxide 
separates. 

5. Oxalic acid and ammonium oxalale produce a fine crystalline precipi- 

tate of zirconium oxalate in solutions of the normal salts which contain the 
zirconium as cation (more slowly when the solution w'as made with the aid 
of heat, and not at all in tlie ease of solutions of zirconium sulphate or 
zirconium sulplmric acid). (Distinction from aluminium and beryllium 
ion.) 1’he precipitate is soluble in (weess of oxalic acid solution, especially 
on lieating, and dissolves in hydrochloric acid and also iii excess of 
ammonium oxalate solution, even in the cold. (Distinction from thoriui i 
ion.) The complex compounds formed with oxalic acid or ammonium 
oxalate are somewliat more stable than the corresponding thorium com- 
pounds. Hence, no precipitate is formed on adding acid to a solution 
produced by means of excess of ammonium oxalate. (Distinction from 
thorium ion.) Ammonia, on the other hand, precipitates the wliolc of the 
zirconium ioii as hydroxide from a solution of the oxalate in excess of 
ammonium oxalati' solution. ' 

6. A concentrated solution of jmtas.dum suljdmlc rapidly produces a 
W'hite precipitat(‘ oi pokosdum zirconium .sulpfudc insoluble in excess of the 
precipitant. (Distinction from aluminium and beryllium ions.) This com- 
pound, when prccijiitated in tlie cold, is soluble in a large amount of hydro- 
chloric acid, but when juecipitated from a hot solution is almost insoluble 
in water and hydrochloric acid. (Distinction from thorium and cerium ions.) 
Sodium sulphate and ammonium sulphat/C do not produce a jirecipitate. 

7. Hydrofluoric acid does notproduee a jirecipitate. (Distinction from 
the ions of thorium and of tlu' ceria and yttria earths.) 

8. Sodium thiomlphate precipitates fume zirconium, thiosulphate or a 
mixture of hydroxide and sulphur from boiling solutions of zirconium salts. 
(Distinction from the ions of the ceria and yttria earth metals.) The pre- 
cipitation takes place on boiling the solution containing only 1 part of tlie 
salt in 100 parts of water (this is imjiortant in connection with the quanti- 
tative separation of cerous ion). 

9. Sulphur dioxide precipitates zirconium ion as hydroxide from a very 
slightly acid solution of zirconium chloride (not the sulphate). The pre- 
cipitate can be readily filtered, and affords a suitable means of separating 
zirconium from iron ions ( Ba.skerville ’). 

10. A concentrated .solution of hydrogen peroxide precipitate's from 

solutions of zirconium oxychloride the whole of the zirconium ion in the 
form of a white voluminous hydrate of a peroxide of the approximate com- 
position Zr(OH) 3 f) 2 H. The saim* precipitate is produced by hydrogen 
peroxide and ammonia from solutions of the sulphate and nitrate. It is 
insoluble in 1 per cent, sulphuric acid and in dilute acetic acid. It is 
partially decomposed when boiled w ith acids (Bailey). (Method of separat- 
ing zirconium ion from the ions of titanium, niobium, iron, and aluminium,’ 
but not from thorium ion.) * ^ 

11. Zirconium ion is completely precipitated as zirconium oxyiodate 
* J. Amer, Chem. Soc.^ 16, 475 ; Chem. Zentralhi, 1894, 11., 299. 
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on adding an alkali iodate to neutral or slightly acid solutions of a zirconium 
salt. Heat promotes the precipitation (Th. Davis, jun.). The precipitate 
is only very sparingly soluble in water, in excess of the precipitating agent, 
and in acids. (Method of separating zirconium ion from aluminium ion.) 

12. If the precipitate of zirconium hydroxide produced by ammonia 
is separated from the filter and dissolved in hot hydrochloric acid, the 
solution evaporated nearly to dryness on the water-bath, the residue taken 
up in a little water, and the solution treated, drop by drop, with concen- 
trated hydrochloric acid in the cold, there is produced an abundant pre- 
cipitate of zirronitim oxi/chloride (zirconyl chloride), ZrOClg+SHaO. (In 
the presence of insuffiiiient acid a gelatinous precipitate may easily be 
obtained.) The precipitate dissolves on heating the licpiid, but separates 
again, on cooling, ii^ the form of silken needles. This is a particularly 
charactei'istic reaction for zirconium ion (Ruer *). 

13. On adding zirconium solution, drop by drop, to a boiling solution 
of sodium salicylate, zirconium salicylaic is precipitated. (Distinction from 
titanium. Dittrii'h and Freund -.) 

14. fnrocyauide jiroduees in neutral solutions a white, and 
in acid solutions a greenish-yellow, jireeipitate of zirconium f error ynuide. 
(No precipitate, or hardly any, is obtained with solutions of the sulphate.) 
(Distinction from ions of the yttria eartli metals.) 

15. When turnu'iic jiapcr is dipped into solutions of zirconium salts 
slightly acidified with hydrochloric or sulphuric acid, and then dried, it 
becomes reddish-brown. (Distinction from the other earths.) If titanic 
acid is present, which under the same conditions gives a brown coloration 
to turmeric paper, and so ma.sks the zirconium reaction, the acid solution 
is first treated with zinc in order to reduce the tidravalent into trivalent 
titanium, the solution of which does not alTect turmeric paper (Pisani). 

16. For the microchemical defechou of zirconium, see Haushofer, Mikro- 
skoinsche Reaktionen, ]). 156, and Behrens- Kley, Mikrochenusche Analyse, 
3rd ed., p. 111. 


Sec. 46. 

4. Elements of the Yttria Earths. 

Scandium, Sc, 441; Yttrium, Y, 890; Europium, Eu, 1520; 
Terbium, Tb, 159-2 ; Gadolinium, Cd, 157-3 ; Dysprosium, Dy, 162-5 ; 
Holmium, Ho, 163-5 -. Erbium, Er, 167-7 : Thulium Tu, 168-5 ; 
Ytterbium, Yb, 173-5 ; Lutetium, Lu, 1750 

The trivalent elements, grouped together under the collective name of 
“ Yttria earths,” occur as silicates in the minerals gadolinite (ytterite) and 
rowlandite, as phosphates in xenotime, as niobates in fergusonite, and as 
niobates and tantalates in euxenit^j, yttrotantalite, and some other rare 
minerals. In the case of the minerals mentioned they usually occur in 


^ Zeitsch. anorgan. Chem., 46, 456. 


“ Ibid., 66, 344. 
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greater preponderance tlian the other rare earths also invariably present ; ^ 
since they differ chemically from the latter much more than they do from 
one another, the original classification, based upon their occurrence in 
common, of all the characteristic rare earths into yttria and ceria earths 
has been retained and is in general use. In the yttria earth group 3 rttrium 
is always present in t’le greatest proportion, erbium coming next. iScandium 
is also relatively w idely distributed, and has recently been found in numerous 
minerals, notably in wolframite and tin ores. The rest of the yttria earths 
are all exceedingly rare, dysprosium being the least uncommon. Owi,ng 
to their rarity and the great difficulty of preparing them in a pure condition 
the individuality of the above-mentioned elements has not yet been 
determined beyond doubt. Whilst the separation of ceria and yttria 
earths can only be effected by frequently repeated fractional precipitation 
or crystallisation, tc. by processes of a more preliminary nature, the separa- 
tion of the individual yttria earths from each other is quite ijnpossible by 
the ordinary analytical methods. Although in their occuiTence and 
chemical properties certain gradational relationships corresponding to the 
atomic weights exist between them, so that a distinction can bo drawn 
between the sub-groups of the terbium earths (Eu, Gd, Tb), the erbium 
earths (Dy, Er, Ho, Tu) and ytterbium earths (Yb, Lu), it is not possible, 
within the limits of this book, to deal more fully with the slight gradational 
differences between the different eleraente, or to describe the analytical 
behaviour of each individual. We must, therefore, restrict ourselves to 
giving an outline of the behaviour of yttrium, and to calling attention to 
the places where the other yttria earths cause deviation from the ordinary 
analytical course. 

1. Yttrium, Y, like the other yttria earth metals, has not yet been 
prepared in a pure condition. In the impure state it is a grey powder, 
which can be polished, has a v(Ty high melting point, and bums with a 
brilliant flame to oxide. It may be prepared by the electrolysis of 
fused sodium yttrium chloride, or by the reduction of yttria with 
magnesium. 

2. Yttrium oxide, white in the pine condition, but yellow when 

mixed with the other yttria earths. The colour of the oxides and salts 
is an important characteristic for the differentiation of the individual 
earths, so that a distinction is drawn lietween coloured and colourless 
earths. Thus erbium oxide is pink, and its salts in solution are also deep 
pink, whilst those of europium are faint pink, those of holmium distinctly 
pink, and those of dysprosium and thulium are light green or bluish-green. 
The oxides and salts of the rest of the yttria earths are colourless. When 
ignited in a Bunsen flame yttrium oxide emits a bright white light, and 
erbium oxide a strong greenish light, . The oxides are crystalline at high 
temperature, and are appreciably volatile at the temperature of the are- 
light ; they are almost insoluble in w'^er, but all dissolve in dilute acids, 
rapidly or slowly according to the previous treatment. The yttria earths 

^ Some details as to the methods of decomposing the minerals arc given 
onjp. 188. (Elements of the ceria earths, 1.) 
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are all bases of medium strength, and in this respect may be placed between 
the alkaline earth oxides and alumina. Yttrium is the most positive, and 
the othem, so far as has been determined, then come in the following order : 

. . gadolinium, terbium, erbium, ytterbium, . . . scandium. The grada- 
tion in the case of yttrium to scandium, in accordance with their separate 
position in the periodic system, is much greater than tiiat between the other 
elements ; hence, scandium shows a far closer resemblance in its reactions 
with beryllium on the one hand and thorium on the other than do the 
remainder of the group. I'lie individual earth metals separate in the order 
given above when fractionally precipitated with bases, or on decomposition 
of their nitrates by fusion, so that the most strongly basic yttrium is always 
precipitated or decomposed last. I ts separation from the others is relatively 
easy, owing to the ftlct that it becomes concentrated in the last fractions. 
Only in the ease of Un biuin is a higher oxide (Tb/)^) known with certainty ; 
it is black and, owing to its exceedingly intense colouring power, produces 
the characteristic yellow coloration of the terbium earths, even when present 
ill only a minute quantity. 

3. The with the exception of thos(‘ of scandium, only undergo 
slight or very slight hydrolytic dissociation in aqueous solution ; the yttria 
earths form neutral salts even with weak acids. The tendency to form 
complex salts is much smaller than in the case of thorium and zirconium, 
but gieatc'r than in that of tlic ceria earth.s. The greater solubility of the 
double sulphates is of csjieeial importance for the separation of the yttria 
earths from the ceria earths. Idle chlorides crystallise with GH^O ; at 
120" they are convertiHl into insoluble oxychlorides, YOCl ; they may be 
distinguished from the chlorides of the ceria earth metals by their much 
greati'r solubility in pyridine (doubtless wdth the formation of double 
comiiounds). 1’he anhydrous chlorides (YOI 3 ) are only very slightly 
volatile, yttrium chloride and scandium chloride being the most volatile. 
(Distinction from aluminium, beryllium, and zirconium chlorides.) 

4. Ammmia, smlium hijdroxid(\ jwtassvmti hijdroxidvy and amtmnium 
sulphide precipitate a white hydroxide insoluble in excess of the pre- 
cipitant. (Distinction from aluminium and beryllium ions.) The addition of 
tartaric acid, citric acid, and other hydroxyl acids, prevents the precipitation 
of hydroxide, but ammonia produces a white floeculent precipitate of an 
ammonium double tartrate in tartaric acid solutions, even in the cold. 
Potassium hydroxide produces a corresponding precipitate in boiling 
tartaric acid solutions. (Characteristic distinction from tho ions of 
aluminium, beryllium, zirconium, thorium, tho ceria earth metals, and, 
according to some authorities (v. Panayeff), also from erbium ion.) Sodium 
hydroxide, however, does not produce a precipitate even in the case of tho 
yttria earth metals. Tho hydroxides precipitated from hot solutions are 
gelatinous and can be easily filtered, whilst those precipitated in the cold 
are slimy and difficult to wash ; 4he hydroxides of yttrium and erbium 
attract carbon dioxide readily from tho air. 

6 . Alkali carbonates give a precipitate of white yttrium carbonate, tho 
carbonates of the “ coloured ” earths being correspondingly coloured ; the 
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lees positive members also form basic carbonates. The precipitated 
carbonates re-dissolve on the addition of an excess of alkali carbonate, 
double carbonates being formed in the process. Double carbonates con- 
taining water of crystallisation crystallise after standing for some time from 
concentrated solutions, especially in the case of yttnum, not in that of 
erbium, but their solubility is considerably greater than that of the corre- 
sponding ceria earth* carbonates, from which they can be quantitatively 
separated by dissolving tlicm together in concentrated potassium carbonate 
solution and diluting the liquid with water, which causes th^ ceria earth 
carbonates to precipitate. Yttrium carbonate is more soluble in potassiii'hi 
hydrogen carbonate and ammonium carbonate solutions than in potassium 
carbonate solution (but not nearly so soluble as the corresponding beryllium 
precipitate). The ammonium carbonate solution of J,he pure hydroxide 
deposits all the yttria on boiling, but if ammonium chloride is also present 
it is decomposed, on further heating, with the liberation of ammonia, and 
the yttria is re-dissolved as yttrium ion. 

6. Oxalic acid and ammyuimn oxalate produce at first an amorphous, 

caseous precipitate, w’hich rapidly becomes crystalline, especially on heating ; 
it has the general composition "ith, as a rule, lOHoO. Tlio 

precipitate is almost insoluble in water and oxalic acid solution, dissolves 
with difficulty in mineral acids, and ^vith great difficulty in excess of oxalic 
acid solution. {Mod t mporiani didincfion of the whole (jraiq) of rare earth tvas 
(with the exception of zirconium ion) from alumiunim ion, herylhnm ivn, 
etc.) In the case of the rare earths the solubility of tlie oxalates of the 
yttria earths is, as a rule, greater than tluit of the c*cria (^arth oxalates ; also 
when boiled with concentrated alkali oxalate solution the yttria earth 
oxalates, especially scandium oxalate, dussolve mori' readily, foiming doulile 
oxalates, but on diluting and cooling the solution there is usually complete 
precipitation. (Distinction from thorium ion.) 

7. Potassium sulphate does not form a prccipitab*, since yttrium 
potassium sulphate is readily soluble in water and in potassium sulphate 
solution. (Distinction from the ions of thorium, zirconium, and the ceria 
earth metals.) As regards the group of yttria earths, the double sulphates 
of the terbia earth metals arc, with the exception of the very sparingly 
soluble scandium double sulphates, the least soluble; ; they occupy an 
intermediate position between tlu' ceria earths and the other yttria earths. 
When fractional crystallisation is used for the complete separation of tlic 
latter, tlie terbium double sulphates remain, for the most part, with those 
of the ceria earths. 

8. Sodium thiosulphate does not form a precipitate, except in the case of 
scandium. (Distinction from aluminium, thorium, and titanate ions.) 

9. Hydrofluoric acid precipitates fluorides. (Distinction from aluminium, 
beryllium, zirconium, and titanate ions.) The precipitate is gelatinous, 
ins^uble in water and hydrofluoric acid ; before ignition it is soluble in* 
mineral acids, the scandium precipitat<f being ^Iso very sparingly soluble 
in concentrated hydrochloric acid, but after ignition it is only decomposed 
by concentrated sulphuric acid. Scandium fluoride (like zirconium 
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fluoride) forms readily soluble double salts. (Distinction from the rest of 
the rare earth fluorides.) 

10. Hydrogen peroxide produces in alkaline solutions gelatinous 
very unstable precipitates of perhydroxides of the general formula 
72.(0.()H)(0H)2. (Distinction from thorium and zirconium ions, which are 
also precipitated from neutral and slightly acid solutions.) 

11. Barium carbonate docs not form a precipitate i^ the cold, and only 
an incomplete one on boiling. (Distinction from the ions of aluminium, 
thorium, cerium, lanthanum, and didymium.) 

*12. Turmeric is not changed in colour by acidifled solutions of the salts. 
(Distinction from zirconium ion.) 

13. Iodic acid does not produce a precipitate insoluble in nitric acid. 
(Distinction from thorium ion.) 

14. Bodivm mbidiosplmte does not form a precipitate in strong hydro- 
chloric acid solutions. (Important distinction from thorium ion.) 

15. 'Phe ^spcctroscojnc behamour of the yttria earths is particularly im- 
portant. S])ectroH(!opic analysis afl'ords the only means of controlling the 
progress of fractional sejiaration, and of drawing trustworthy conclusions 
as to the presenc e or absence of certain elements. The “ coloured ” earths 
have very full and absolutely characteristic! absorption spectra, of which 
only the maxima of the especially characteristic bands in the visible part 
of the sp('ctra of erbium and dysprosium arc given here. These are 653, 523, 
487, 450, and 442/r/x for erbium, and 753, 475, 451 ‘5, and 427'5p,/>(, for 
dysprosium. Solutions of yttrium salts show no absorption bands. 

No de.scription can be given here of the distinctive lines at the ‘^xtreme 
end of the arc-light spectra, which an! very numerous and characteristic 
in the case of most of the elements in cpiestion. Full details will be found 
in the work of Meyer and Hauser, as also in the text-books mentioned 
above (p. 99). 

16. When heated with borax or phosphate either in the inner or outer 
flame the yttrium earth compounds yield beads which are clear and colour- 
less both while hot and cold. (Distinction from cerium and didymium.) 

17. For the jnicrochemical defection of the yttria earths, sec Haushofer, 
Mikroskopische Reaktiovev, p. 148 ; Hchreiis-Kley, Mikrochernische 
Analyse, 3rd ed., p. 122 (also Rec. trav. chim. Bays Bas, 23, 413; Chem. 
Zentralbl., 1905, T., 659, where the author describes the behaviour of the 
yttrium salts of organic acids). rozzi-Escot and H. (u Couquet [CompL 
rend., 130, 1136 ; Chem. Zentralbl., 1900, 1., 1199), recommend precipitation 
as chromate for the microchemical detection. 

Sec. 47. 

Elements of the Ceria Earths. 

Lanthanum, La, 139 0 ; Cerium, Ce, 140-25; Praseodymium, Pr, 140*9; 
Neodymium, Md^., 144 -S; Samarium, 8a, 150-4. 

With the exception of tri- aTid tetravalent oerium, all the trivalent 
elements in the grouji of the ceria earths occur (unlike the yttria earths) 
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onl}' in very small quantities in the minerals mentioned in the preceding 
sections, but, on the other hand, they are present in preponderating amount 
(as compared with the yttria earths) as silicates in cerite and orthite, as 
phosphates in monazite, a.s niobates and taiitalates in a'sehynite, and as 
fluorides in fluocerite, as also in a series of still rarer minerals of similar 
composition. The lyost common and most important clement is cerium ; 
the other memb^'rs of the group are also not so rare, and arc therefore better 
known than the majority of the yttria earths. We, therefore, describe 
their reactions separately in the following pages, and here malte only a few 
general introductory observations. 

1. The decomposition of all the minerals containing the rare earths is 
effected most certainly by treatment with concentrated, nearly boiling 
sulphuric acid. The silicate minerals (cerite, orthite, gadolinitc), however, 
like other silicates, can be more simply decomposed by repeated evaporation 
to dryness with concentrated hydroclUoric acid. Phosphates (monazite, 
xenotime, etc.), the decomposition of which cannot be cffecti'd by means of 
hydrochloric acid, are decomposed with concentrated sulphuric acid, the 
excess of which is finally evaporated, and the still moist mass is gradually 
introduced into icc-water and dissolved. 

The niohaies, tantalatcs, and iitanates (fergusonite, euxenite, leschynite, 
etc.), are best decomposed by fusing them at a red-heat for a considerable 
time in the finely powdered condition with five to six tunes their quantity 
of sodium his'uljduite, the mass being cooled from time to time and treated 
with a few drops of concentrated sulphuric acid to lephicc tliat which has 
escaped. On extracting the fused mass with water niobic acid and tantalic 
acid separate. 

Hydrofluoric acid is also a very suitabh' disintegrating agent, since it 
effects the decomposition of the minerals in question (with the exception 
of niobite and tantalite) without the aid of external heat, in which process 
the earth acids are dissolved, whilst the earth metals are left as insoluble 
fluorides. 

2. Metals. These can be prepared by electrolysis of the fused chlorides 
or fluorides- they arc white or of a slightly yellowish colour, and arc fairly 
stable in the air. Their specific gTavity ranges from fi-lf) (lanthanum) to 
7'7 (samarium), that of cerium being 7'04. They havi* the following melting 
points: Cerium, 623' ; lanthanum, 81(P ; neodymium, 840°; praseo* 
dymiura, 940°; and samarium about 13(X)° to 1400'. They arc good 
reducing agents ; the metallic mixture obtained by electrolysis is therefoni 
frequently used for reductions instcarl of metallic magnesium ; metallic 
cerium produces abundant sparks when struck with, steel ; all the metals 
bum, emitting a brilliant light. They decomjiose water, with the evolution 
of hydrogen, and are readily soluble in acids. They form hydrides, nitrides, 
and carbides. 

3. Oxides. The natural mixture oi ceria earths as obtained, c.j/. by 
ignition of the oxalates, is of a brownish-red Colour, and presumably con- 
sists of a salt-like compound of tin; rest of the oxides with ceric oxide acting 
as^an acid. The oxides only become crystalline at high temperatures ; at 
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very high temperatures (arc light) they are somewhat volatile. The mixture 
is soluble in acids, even after ignition, provided that it does not contain 
more than 40 to 50 per cent, of ceric oxide. As a rule, the solution in acids 
takes place more rapidly than in the case of the yttria earths, but here, too, 
the nature of the previous treatment is a (hn-isive factor. The ceria earths 
arc strong bases, and liberate ammonia from ammoni*nii salts, even in the 
cold. Lanthanum is approximately e(]ual to calcium m basicity, and the 
other memliyrs of the group follow in this order: Trivalent cerium, 
ji^seodymium, neodymium, and samarium. 'I’ctra valent cerium has an 
amphoteric character, and as regards its basicity comes between zirconium 
and thorium, in accordance with its position in the system. 

4. #SV///.‘>. With the exception of the ceric salts, the.se undergo little, 
if any, hydrolytic dissociation; the normal carbonates and the salts of 
other w eak acids may be easily prcparial. 'I he colours of the salts, which are 
often cliaiac tcrjstic, arc given in the desci-ijition of the individual reactions. 
There is no jironounced temU'ncv to form complex salts. 

The chloraU's crystallise with OH^O, with the exception of praseo- 
dymium chloride, which has 7Hj,(). When heated to 12(L they form 
insoluble oxychlorides (7i'0(i). They show only a slight tendency towards 
the formation of doubh' salts, with the exception of the easily prepared 
double clilorides w itli certain heavy metals ( L*t, An, Bi, 8b, Sii). The almost 
nori-volatiU' anhydrous chloride may be prepared by dehydration in a 
cm rent of hydrogen chloride, by heating the oxides m a current of chlorhie 
containing sulphur chloride, or by treatment with carbon tetrachloride, 
or ])hosgeuc vapour, C'oCL. Their molting ])oints decrcas(‘, whilst their 
specilie gravities increase from lanthanum to samarium. 4'he double 
n'Uralc<s of the ceria earth metals with mono- and divalent metals, viilike 
those of the yttria earth metals, can be cry.stallised from water without 
decomposition at the ordinary temperaturi*, and are lieqiu'iitly used for 
fractional ciy atallisations from nitric acid or neutral solutions. The 
ammonium double nitrates, A’(N03)3.2(NH4)X03.4H.A) form large tablets ; 
like the magnesium double nitrates 2A(X()3)3.ibMg(\()3)2‘24H3(), and the 
manganese double' nitrati's, they are used for tlu' s('pa ration of the metals. 
The stability and insolubility of these salts decri'ases in the order of the 
basicity from lanthanum to samarium. Tlu* simple nitrates (which always 
contain unlike the corresjiondmg nitrates of the yttria earth metals, 

decompose when heated into basic nitrates insoluble in water. On further 
heating more strongly basic insoluble salts, and ultimately the oxides, are 
obtained, which is also the ease with the yttria earth compounds. The 
temperatures of decomposition vary in accordance with the basicity, so 
that the lanthanum compounds arc the most stable. 

The behaviour of the suL^haies is especially important and characteristic. 
On treating ceria earth metals or their hydroxides, carbonates, etc., with 
sulphuric acid, the solutions yieldtcrystals of sparingly soluble sulphates 
with water of crystallisation^lepending on the temperature (usually 12, 8, or 
4H2O). The sulphates freed from water of crystallisation by heating at 
400° to 500^ form strongly supersaturated solutions in ice-water, wMch 



190 BEHAVIOUR OF SUBSTANCES TO REAGENTS cii. ii 


when heated yield crystals of the salts containing water of crystallisation, 
the solubility of which decreases with the increase of temperature. These 
characteristics of the sulphates are made use of both for the separation of 
the whole group of the ceria and yttria earth metals (whicl: in this respect 
behave in a very similar manner) from other elements, and also for the 
separation of the ilKli^•idual earths from one another ; a difficulty in con- 
nection with the process is the great tendency towards the formation of 
supersaturated solutions and meta-stable ])hases. On heatinj^ the sulphates 
to about 1000“ 0. basic sulphates are foi nied, and these can be decomposed 
into oxides by ignition, wliich in the ease of those membei's of the group 
which decompose with most difficulty and are most strongly basic require 
long exposure to a white heat. The very slight solubility of the alkali 
double sulphates in coneentratt‘d alkali sulphate solution is also of import- 
ance for the separation of the yttria earths. The sulphates and double 
sulphates are .soluble in a concentrated solution of ammonium acetate ; 
when boiled with a concentrated solution of sodium hydroxide' or of oxalic 
acid they yield the hydroxides or oxalates respectively. 

The carhonatit^ form double carbonates, which are only very sparingly 
soluble in concentrated alkali carbonate solution. They are, however, 
much more solulile in potassium carbonate solution than in sodium or 
ammonium carbonate solutions, and on the addition of water to their 
solutions are precipitated in tin* following order: lanthanum, praseo- 
dymium, cerium, neodymium. (Distinction from the yttria earth metals, 
the double carbonates of which are more .solulih'.) 

The oxalalcf^ are practically insoluble m oxalic acid solution ; in mineral 
acids they are slightly soluble to an extent increasing with their basicity. 
(Most important distinction for the whole (jronp of rare earths, with the exceptirm 
of zirconium, from aluminium, berpllinm, etc.) With alkali oxalates they 
form double oxalates, which are somewhat soluble on hi'ating, but are 
completely precipitated in the cold. (Distinction from thorium.) 

For the microchemical ddeetton of the different ciTia earth metals, .see 
Haushofer, Mikrosbrpische Heaktionen, p. 40, and Behrens-Kley, Mikro- 
chemischc Analifse, .‘Ird ed., pp. 128, 120; J V/,zi-Escot and II. E. Couquet, 
Compt. rend., 130, 1136 ; (.'hem. Zenlralhl., 1900, 1., 1 199. 


Se('. 48. 

6. Cerium, (>, 140-25. 

1. Cerium is the only element of the rare earths which is not only 
trivalent, but also occurs in the tetra valent condition. Hence it forms two 
series of compounds, cerous compounds derived from cerous oxide, which 
can only be prepared by reducing ceric oxide with metallic calcium, and 
ceric compounds, which correspond \o ceric oxide, (JeOj. The oxide 
obtained by igniting the latter or ceric carbonate or oxalate in a current of 
hydrogen has a composition corresponding to the formula ; it 

ra^dly absorbs oxygen on exposure to the air, and is converted into ceric 
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oxide, with the evolution of heat. The eeious salts arc white or colourless, 
and some are soluble in water. The solutions arc colourless, have a sweet 
taste, and .slum iw ubsorpti/m .sp, rtrum (see 12). 

2. Polds.siam and sodium hifdroxide and also amuumia produce in 
solutions of (KU'ous salts a white, gelatinous precipitate of ceroiis hydroxide, 
which, when exposetl to the air, absorbs o.xygen and Wecoipes first reddish- 
violet and then pure yellow. It docs not di.ssolve in excess of the precipi- 
tant. (Distiuc'tion from aluminium and beryllium ion.) Tartaric and other 
h^droxylated acids inhibit the precipitation owing the formation of 
soluble com]dex(‘S. (Distinction from tlu* ions of the yttria earth metals.) 

II. Alkali carbonaie and (iuwu>uiinn earbonale piecipitate white cerous 
carbonate, which is at first amorphous, but gradually becomes crystalline ; 
th('- double salts foilncd in concentrak'd solutions of tlu5 precipitant are 
only vci y sparingly soluble ; they are most soluble in potassium carbonate 
solution. Harium carbonate is only very slowly precipitated, if at all, in 
the cold, but is completely preeipitak'd from hot solutions. 

4. Oxalic acid precipitates white cerous oxalate, which is amorjihous at 
first, but gradually becomes crystalline. The precipitation is complete, 
even from moderately acid solutions. (Distinction from aluminium and 
beryllium ions.) The precijiitate doi's not dissolve in oxalic acid solution 
(distinction from zirconium ion), but is soluble in a very large excess of 
hydrochloric acid and to some extent in a boiling concentrated solution 
of ammonium oxalate, although it separates again almost completely on 
diluting and cooling the solution. (Distinction from thorium ion.) 

5. A saturati'd solution of pola.s.sium sulphate produci's, even in some- 
what acid solutions, a ])ivcipitatc of cerous 2)ota.s.sium sulphate (distinction 
from aluminium and beryllium ions), which dissolves with difficulty in cold 
water, more readily in hot water (Bahr), and is jiractically insoluble in a 
saturated solution of potassium sulphate. (Distinction from yttrium ion.) 
The precipitate dissolves w hen boiled w ith a large amount of w ater acidified 
with hydrochloiic acid. 

6. hiodiuiu thiv, sulphate does not prodiUK* a precipitate in boiling solutions 
of cerous salts, even when very concentrated. The precipitated sulphur 
eari'ies down only minute quantities of the salt. 

7. Hydrofluoric acid produces a white pi’ceipitale of cerous fluoride 
which is slimy at first ; it is insoluble in excess of the precipitant. 

8. Oxidmuy ayenis convert cerous compounds into the corresponding 
ceric compound.s - — the reactions are characteristic, since they distinguish 
cerium from all tiic other rare earths, and are associated with easily 
recognisable changes of colour, which arc of especial importance for the 
detection of the .ion. 

(a) Persulphates, pota.s,sium permanganate, alkali hypochlorites, chlorine, 
tyid bromine in alkaline solutions gradually convert the cerous hydroxide 
first precipitated into yellow ceric Wydroxixlc, w'hilst reddish- violet cero-ceric 
hydroxides arc formed as intermediate stages ; atmospheric oxygen acts in 
the same way, but more slowly (see 2). 

Hydrogen peroxide added to a cold neutral or acid solution containing 
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ceric ions produces, on the addition of ammonia^ a reddish-brown precipitate 
of cerivm perhydroxidc, which, according to Pisserjewski,^ has the formula : 
Ce(0.0H)(0H)3. On boiling the liquid ceric hydroxide is produced in a 
readily soluble form, whilst direct oxidation in a hot solution produces cero- 
cerio hydroxide, which dissolves with difficulty. In this form the reaction 
is very sensitive. Minute traces of cerium may also be detected in mixtures 
of the earths by means of this test, if dilute ammonia solution is added, drop 
by drop, until a slight precipitate of hydroxide remains after shaking ; the 
more weakly basic ceric hydroxide is concentrated in this. *I]arth metals 
free from cerium give a bluish precipitate ; a large amount of iron mates 
the reaction very uncertain. The addition of hydrogen peroxide to a cold 
sodium or magnesium acetate solution containing cerous ions and subse- 
quent boiling produces an analogous effect, a yello'v basic ceric acetate 
being finally formed (R. J. Meyer and Koss).- When a solution containing 
cerous ions is poured into a concentrated solution of 2^<>f(issiu'm carbonate, 
the liquid becomes deep red, slowly on exposure to the air, and more 
rapidly when shaken or when a current of air or oxygen is introduced, owing 
to the formation of a cerium peroxide compound, from which, on boiling 
the solution, or shaking it with a reducing agent [e.g. ai’senidus acid), ceric 
hydroxide is producea. 

(6) The Ce*”* ions are very unstable in acid solutions, which renders 
the oxidation more difficult. The formation of (>•*' ions can always be 
recognised by tlie solution becoming yellow ; such coloration is also pro- 
duced at first on the addition of hydrogen pcroxidi*, but disappears again, 
owing to the reciprocal reducing action of the resulting ceric ions and the 
hydrogen peroxide iqion each other. 

Potassium and ammonium persulphate elfcct comjilete oxidation in 
sulphuric acid solution, provided that the solution is not so acid that 
hydrogen peroxide is produced, since in acid solution this lias a reducing 
action ; chlorides also have a disturbing influence, since they reduce eerie 
compounds, with the liberation of chlorine. 

On evaporating solutions of cerous salts with nitric acid partial oxidation 
takes place with the production of a yellow coloration. If tlie lesulting 
ceric ions are eliminated by the addition of alkali nitrate, whereby complex 
compounds of the type jR 2 Ce(N 03 )g are produced, or by the addition of such 
anions {e,g. iodic acid) as lead to the formation of sparingly soluble salts, 
the oxidation can be made fairly far-reaching. 

Gibbs’ reaction, which was formerly frequently used, is also based upon 
oxidation in nitric acid solution. When a cerous salt is dissolved in nitric 
acid, and the solution diluted with an equal volume of water and boiled 
for some minutes with a small amount of lead peroxide, the liquid becomes 
yellow, even in the presence of a minute quantity of cerous ion, owing to the 
formation of ceric salt. On evaporating this solution to dryness and 
heating the residue until a portion of <the acid is removed, no cerium will 
then be dissolved by water acidified by nitric «cid (although any didymium 

^ Zeitsch. arwrgan. Chem., 31, 350 ; Chern. Zentrnlhl., 1000, IJ., 756. 

* Ber., 36, 672. 
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and lanthanum present wUl be dissolved). An analogous result is obtained 
by adding bismuth tetroxide to the nitric acid solution, complete oxidation 
being effected even in the cold. Neither reaction, however, is so sensitive 
as that produced by hydrogen peroxide in ammoniacal solution. 

On fusion with potassium hydrogen sulphate the ccrous salts yield a yellow 
to yellowish-red mass. (Characteristic and sensitive feaction.) 

9. On adding potassium or sodium hydroxide to a solution of a cerous 
salt until the* reaction is distinctly alkaline (if much free acid is present it 
mupt be evaporated before the addition), evaporating the liquid to dryness, 
and treating the residue with a solution of strychnine in eonee titrated sulphuric, 
acid (about 1 : lOtX)), a liquid of a bright bluish- violet colour, soon changing 
to red, is obtained (Pliigge). 

10. Ceric oxide, (^‘rintn dioxide, C(‘().^, is always produced on igniting 
cerous hydroxide, oxalate, siiljihatiMutrate, or carbonate, or ceric hydroxide, 
nitrate or sulphate, or by combustion of the metal. When hot it is lemon- 
yellow, but when cold is white to pah' yt'llow, according to the previous 
treatment. Contamination with the smallest amount of praseodymium 
produces a llesh-coloured to browmsh-red coloration, probably owing to the 
presence of praseodymium peroxide. Other slight impurities also produce 
striking alterations hi the colour, which are doubtless due to the formation 
of salt-like compounds in which the ceric oxide acts as acid. (Ceric oxide in 
admixture with the other cartlia acts as a conveyor of oxygen, and causes 
peroxide to be formed on ignition, which would otherwise not be produced.) 
It is insoluble in acids, but by treatment with sulphuric acid or fusion with 
potassium oi sodium hydrogen sulphate is converted into ceric sulphate, 
which IS solubh’ in water. It dissolves in boiling acids in presence of 
reducing agents, e.g. in nitric acid, on the addition of hydrogen peroxide, 
or in hydriodic or hydrochloric acids in the jnesence of alkali iodide or 
stannous chloride, with the formation of the coiTesjionding cerous 
compounds ; an analogous result is obtained when it is boiled with an excess 
of acid to which an equal quantity'^ of hydroquinonc has been added. 

Ceric hydroxide is obtained as a yellow, slimy precipitate by adding 
alkali hydroxide or ammonia to solutions of ceric salts ; when freshly 
precipitated and dried at 120" it dissolves in nitric acid, forming a red 
solution. It is soluble in hydrochloric acid, with the evolution of chlorine 
and formation of cerous chloride, and in sulphuric acid, with the formation 
of a mixture of ccrous and ceric sulphates. 

Owing to the great tendency of the ion Cc”” to be converted into the 
trivalent condition the yellowish-rcd salts are exceedingly unstable, and, 
in aqueous solution, undergo strong hydrolytic dissociation. Ceric chloride 
is only known in hydrochloric acid solution, which is easily decomposed 
with the liberation of chlorine. Ceric sulphate is fairly stable when 
aqhydrous or in the solid condition with 4H.^O, but in sulphuric acid solution 
it is decomposed with the evolution of oxygen and formation of ccrous ions. 
The equilibrium between cerous and ceric ions in these solutions, and conse- 
quently the composition of the cero-ceric sulphate complexes, which 
crystallise from the solutions simultaneously with the ceric sulphate, 

13 
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depends upon the temperature and the proportion of sulphuric acid. The 
lustrous red ceric alkali double nil rates, which arc readily soluble in water and 
alcohol, are considerably more stable. 'Fhe ammonium double nitrate 
Ce(NH 4 ) 2 (N 03 )g, which dissolves witli difliculty in concentrated nitric acid, 
is of importance for the separation of cerium from the rest of the ceria earth 
metals, tlie double nitrates of which are readily soluble in nitric acid. 

Owmg to progressive hydrolysis the colour of ceric salt solutions 
gradually fades ; freshly prepared solutions become darker again on the 
addition of acid, owing to the repression of the hydrolysis, but this only 
occurs to a slight extent in the case of older solutions or those hydrolysed 
by boiling. When slightly acid solutions, preferably sulphuric acid solu- 
tions of ceric nitrate or sulphate, are greatly diluti'd and boiled basic salts 
separate. This process frequently repeated may be ic ed for the eomjilctc 
separation of cciiuin from the othiT (‘aith metal ions. 

Reducing agents always decolorise the yellow solutions of eerie salts, 
with the formation of the corresponding cerous salts. Ili/droyen peroxide 
is the most suitable reagent, but tho others mentioned above, and also 
oxalic acid, may be us<‘d. 

11. Borax and alkali phosphate dissolve cerium compounds in the outer 
flame, forming reddish-yellow beads (distinction from the earth metals 
previously described) ; the colour fades and often almost disappcai's on 
cooling. rolourk*ss beads are obtained in the inru‘r flame. 

12. Cerous salts do not show an absorption spectrum in the visible part 
of the spectrum (most simple aiul decisive test of purity ; in the case of 
impure salts absorption lines can be seen, cspi^cially in the yellow and green 
parts of the spectrum). Ceric salts daiken the blue and violet parts of the 
spexjtrurn. The emission spectrum of ctii ium is characterised by the presence 
of exceptionally numerous lines {cj, Meyer and Hauser, pp. 85 and 8(1). 

8Er. 49. 

6. Lanthanum, La, 1390. 

1. Lanthanum is a trivalent metal which rapidly turns blue in the air. 
It is the most strongly basic element of all the rare earth metals. 

2. Lanthanum oxide, La.O^, is w hite,^ and doe=' not change when ignited 
in the air (distinction from cerous oxide) ; the ignited oxide absorlis carbon 
dioxide from the air ami behavi's towards watiT like calcium oxide, being 
converU'd into a milky- white hydroxide, slowly on contact with cold, 
rapidly with hot water. Both the oxide and hydroxide turn red litmus 
blue, liberate ammonia from its compounds even in the cold, and dissolve 
in strong ammonium chloride solution, and also, even after strong ignition, 
in dilute acids. 

3. The salts arc colourless. Nearly the whole of the lanthanum ion 

^ Lanthanum oxide is llesh-eoloured m the presence of prn.seodymium ; on 
the other hand, the formation of pra8<H)ilymium yieroxide is yirevented by the 
»pre8ence of lanthanum. 
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separates at 20° to 30° from a saturated solution of lanthanum sulphate in 
ice- water, as a sulphate crystallising with OHgO, and a method of separation 
from the ions of the other ceria earths may bo based on this property. 

4. Potassium sulphate, oxalic acid, and ammonium oxalate {acting upon 
lanthanum oxalate) and hydroflwmr acid give the reactions mentioned in 
the case of cerous ion. ^ 

6. Potassium hydroxide produces a slimy, gelatinous precipitate of 
hydroxide, which is insoluble in excess and does not become brown on 
exposure to the air. Tartaric acid inhibits the precipitation. 

The precipitate produced by ammonium carbonate is almost insoluble 
in excess of the precipitant ; the lanthanum double carbonate is also more 
sparingly soluble than the cerous double carbonate in concentrated 
potassium carbonate solution. Barium carbonate preci]>itate8 lanthanum ion 
quantitatively from solutions of lanthanum salts, even in the cold. 

7 On treating a cold dilute solution of lanthanum acetate with excess 
of ammonia, rcpcatc'dly washing the slimy precipitate, and adding a little 
powden'd iodine, a blue coloration ^ which gradually permeates the whole 
mass is obtained, ((.'liaiactcrifjtic distinction of lanthanum ion from the ions 
of the other earths, the presence of which, however, frequently has a strong 
influence upon the reaction.) 

8. Sodium thiosulphate does not precipitate lanthanum from even 
boiling solutions of the salts. 

9. Lanthanum compounds do not show an absorption spectrum ; on 
the other hand, the viokst and ultra-violet arc spectrum is rich in character- 
istic lines. 

Sec. 50. 

7. Praseodymium, Pr, 110-9, and Neodymium, Nd, 144-3. 

These two very closely similar metals were formerly regarded as one 
element, didyrnium. They are distinguished from each other by the fact 
that the neodymium salts arc pink or riokf, and show a characteristic 
pinkish-blue fluorescence, whereas the prast'odymium salts are grass-green 
in colour ; the absorjition spectra of solutions of their salts are also corre- 
spondingly different. Three oxides of praseodymium are known: viz. a 
yellow sesquioxide, PrgOg, from which the salts arc derived, the blackish- 
brown oxide, with tin; probable composition Pr^Oy or PrgOn, which is 
produced by ignition of the oxalates, nitrates, etc., and the black peroxide, 
PrOg, which can be prepared from pure praseodymium salts only by fusion 
with potassium nitrate ; on the other hand, the presence of even small 
quantities of cerium compounds promotes the formation of peroxide, even 
when other praseodymium compounds are ignited. The brown coloration 
obtained on igniting the oxides in the presence of cerium compounds is a 
very sensitive test for praseodymium. On heating the resulting higher 
oxides at a white heat theyjare deprived of the whole or part of their 
oxygen and lose their brown colour. As a rule, however, they regain their 
1 Cf. W. Biltz, Ber., 37, 719. 
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oxygen and colour on cooling. Other ceria earths which may be present 
also appear to have an influence upon the oxides formed — lanthanum, in 
particular, tends to prevent the formation of pcioxides. 

The only oxide of mothjmiurrhy however, known with certainty is the 
sesquioxide, NdgOg. As a rule there is considerably more neodymium than 
praseodymium in th:) rare earth minerals. Auer von Wclsbach succeeded 
in separating the two elements by long-continued fractional crystallisation 
of the double alkali nitrates. It is not possible to elfect a separation by 
means of the ordinary analytical reactions, in which the coiiipounds of both 
elements comiiletcly agree. We shall, therefore, now desci ibe the reactions 
of their mixture, duhjmmm. 

1. Didymium istrivalent. The oxide is grey. Trace's of cerium always 
cause the colour to be brownish, but according to Ti.- J. iMeycr and Koss ^ 
the mixtures of oxides rich in pra.seodymium are also invariably brown. 
When the oxide is moistened with nitric acid and ignited a dark brown 
peroxide with the above-mentioned properties of prase'exlyinium peroxide 
is obtained. On cemtact with water didymium oxide is slowly e-oiivertcd 
into hydroxide. It abseirbs oxygen rapidly freim the air, does not show an 
alkaline reaction, and dissolves readily in aeads and in boiling ammonium 
chloride solution. 

2. The salts soluble in water and their solutions arc pink, whilst con- 
centrated solutions arc yellow to brownish in colour, since as a rule neody- 
mium predominates in them. Solutions rich in praseodymium are also 
brownish or colourless when dilute, but green when the praseodymium is in 
considerable preponderance. 

3. Potassium hydioxtdey sodium hydroxide, and ammonia precipitate 
hydroxide, which is insoluble in excess of the precipitant, docs not alter in 
the air, and readily absorbs carbon dioxuh* from the air. Tartaric and other 
hydroxy acids do not prevent the precipitation. 

4. Alkali earbanates and ammonium, carbonates give a precipitate of red 
didymium carbonate, which is somewhat soluble in excess of alkali carbonate 
solutions [vide svjrra, Sec. 47, 4). Barium carbonate precipitates didymium 
ions slowly but quantitatively. The solution of neodymium double 
carbonate in concentrated potassium carbonate solution is blue, and shows 
an absorption spectrum, which differs from that of the simple neodymium 
salt solutions. 

6. Oxalic acid produces a nearly quantitative precipitate. The re^sulting 
reddish didymium oxalate di.ssolves with very great dilficulty in cold h}'dro- 
chloric or nitric acid, but is soluble on heating, bi this respect it behaves 
hke cerous oxalate. 

6. The behaviour of solutions of didymium salts towards sodium sul- 
phaie, sodium thiosulphate, and hydrojluoric acid is exactly analogous to that 
of solutions containing cerous or lanthanum ions. 

7. The didymium peroxide formed tn ignition, the composition of which, 
as mentioned above, depends upon the purity and conditions of formation, 
is soluble in hydrochloric aejd, with the evolution of chlorine and formation 

« 1 Bcr., 35, 3741. 
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of didymium chloride, and in oxygenated aeids with the evolution of oxygen 
and formation of the corresponding salts. It thus behaves as a very 
characteristic peroxide. 

8. When fused with borax didymium compounds yield a nearly colour- 
less glass both in the reducing and oxidising llames, and only when a large 
amount is present is a faint arncthyst-red coloratidli produced. Alkali 
'phosphate yields bluish to amethyst-red beads in the oxidising flame ; the 
colour disapi cars in the reducing flame. Fused with sodium carbonate in the 
oi^er flame didymium compounds yield a greyish- white mass. (Distinction 
from manganese.) 

9. The absorption spectrum given by solutions of didymium salts is 
especially characteristic of didymium. It shows the following absorption 
lines expressed in pp : 596-590 (I’r), 578 (Nd), 532 (Nd), 522 (Nd), 520 
(Nd), 511 (Nd), 509 (Nd), 481 (Fr), 474 (Nd), 469 (Pr) and (Nd), 444 (Pr), 
427 (Nd). The emission spectrum corresponds essentially with the 
absorption spectrum of the solutions. 


Sec. 51. 

8. Samarium, Sa, 150 4. 

tiamatium is a tri valent imdal. It has only recently been obtained in a 
lelatively pure condition, it is the least basic member of the ceria earths, 
and forms the transition stage to the terbia earths. Its salts are of a topaz- 
yellow coloar. Its reactions agree closely with tliose of the other ceria 
earths, the main difference iijion which its separation from these is based, 
consisting m its difierent basicity as mentioned above (Sec. 47, 4). The 
absorption spectrum shows several characteristic bands, the strongest of 
which have their maxima at 476, 463, 417 and 402/4//,. The absorption 
spectrum of samarium, however, is considerably weaker than that of 
didymium, and is easily masked by the latter. A more trustworthy method 
than the absorption spectrum for detecting and testing the purity of 
samarium compounds is afforded by the arc speefnm, which shows very 
many lines. 


Sec. 52. 

9. Titanium, Ti, 401. 

1. Titanium in the amorphous condition is a grey, in other conditions 
a silvery-white, metal, w'hich even yet has not been prepared in an abso- 
lutely pure state. It occurs in its compounds in the di-, tri-, and tetravalent 
condition, but only the compounds of tetravalent titanium are stable. The 
specifle gravity of amorphous titanium is about 4‘6, and the melting point 
of the metal about 1800-1850°. It te widely distributed in nature, although 
usually only in small quantities. It is found as dioxide in three different 
forms — rutile, anatase, and brookite also in numerous titannfes, notably in 
titanium iron, FeTiOg, and titanite, CaTiSiOg, as well as in small amount 
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in bauxite, in many clays and silicates, in ironstone, etc. Hence, titanium 
is sometimes present in pig-iron and blast-furnace slags, in which it may 
under some conditions occur in the form of small copper-red cubes of the 
so-called titanium cyanogen nitride, Ti 5 CN 4 . The decomposition of the 
minerals is etfected by fusion with sodium or potassium carbonate. In this 
process carbon dioxide escapes and alkali titanate, is formed, and on 

extracting the fused mass with water a residue of titanic acid containing 
alkali is left ; the addition of acid causes solution or the separation of a 
purer titanic acid, acjcording to the concentration conditions. The quanti- 
tative separation of the titanic acid thus obtained from iron, which is 
relatively difficult, is best ert’cctcd by heating the residue, left on extracting 
the fused mass with water, to about 300'' with twice its weight of concen- 
trated sulphuric acid, dissolving the mixture in a little water, adding acetic 
acid in the proportion of a third to a fourth of the solution, diluting the 
liquid and boiling it for several hours, meanwhile replacing the evaporated 
water. Under these conditions titanium dioxide is precipitated in a fairly 
pure condition, w'ithout any admixture of niobic or tantalic acids. Another 
method is to mix the ores with carbon and fuse the mixture in an electric 
furnace. Very pure titanium chloride is obtained by heating the resulting 
carbides in a current of chlorine.^ 

When heated in the air, titanium burns with a blight llaine, forming 
titanium dioxide ; it combines with nitrogen at 800 \ liberating heat, 
and forming titanium nitride ; it is decomposed by water, but not below 
100*^, and dissolves in hot dilute acids, cspeitially in hydrofluoric acid, to 
form salts of trivalent titanium. 

2. Titanium dioxide, TiOg (titanic anhydride), usually separates in the 
form of a white amorphous powder. W’hcn gently ignited it is white, on 
continuing the heating transitorily becomes lemon-yellow, and when very 
strongly ignited it may become, according to its previous treatment, 
yellowish- white, or, if ammonium chloride was originally present, brownish 
(v. d. Pfordten ^). It melts at about 1560'', and has a specific gravity 
which ranges (according to the temperature to which it has previously been 
heated) from 3-9 (600°) to 4-25 (1200°). By ignition in a current of 
hydrogen a lower oxide is formed ; tlie dark-coloured products hitherto 
obtained are not individual substanccii, but vary in composition from 
Ti 203 to ']’i 70 i 2 . More pronounced reduction is effected by means of 
alkali metals, magnesium, or aluminium. 

Titanium dioxide is insoluble in water, and, after ignition, is not 
attacked by dilute acids, with the exception of hydrofluoric acid, in which 
it slowly dissolves. When the solution in hydrofluoric acid is heated the 
tetrafluoride volatilises, but if sulphuric ac’d is added before evaporation 

^ According to Meyer and Hauser {loc. rit.) ; see also the statements in 
Abegg’s Uariflburh, Vol. III., Part II., and the detailed investigations of v. d. 
Pfordten on the preparation of |)urc titanhjra dioxide from rutile, the 
most important titanium compounds, and the reactions of solutions which 
contained di-, tri-, and tetravalcnt titanium. Ann, d. Chtm., 234, 257 et scq., and 
et^wcially 237, 201 cf seq. 
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to dryness, titaniuin dioxide is quantitatively formed, and no titanium 
fluoride escapes. (Distinction from silicon dioxide.) 

On heating titanium dioxide with concentrated sulphuric acid, or better, on 
fusing it unth alkali hydrogen sulphate, it is converted into sulphate, which 
dissolves when diluted with water. When the solution in very dilute 
sulphuric acid is boiled for a long time, titanic acid is precipitated as a white 
powder insoluble in acids (metatitanic acid). Fusion with alkali hydroxides 
only causes a small amount of titanium to la* dissolved when the fused mass 
i^ treated with watei, whereas fusion with alkali carbonates elTects complete 
decomposition into alkali titanates as described above (in 1). Fusion with 
potassium hydrogen jl noride produces a tran.sparent mass solubh* in dilute 
hydrochlorh; acid. Heating the dioxidt* in a current of carbon tetrachloride, 
chloroform, or snlpli^ir chloride (beating with carbon in a current of chlorine 
was also formerly used) is a very suitable method of decomposition, 
titaiiiuni trichloride being formed in the ])rocess. 

Titanium tlioxide shows ])ronounced amphoteric behaviour. As a weak 
acid it forms metatitanates, (orthotitanate.s, l5/riU,, are not known), 

which may easily be obtained in tin* ])roduct of fusion, but in aqueous 
solutions undergo Indrolytic dissociation with the scpaiation of titanic 
acid ('I’lOg-.rH _,()). As cation, tetravalciit titanium, which is described 
more fully below, also forms salts, which viuy rcadil\ uiideigo hydrolysis. 

3. Salts, 'ritanium forms three (or, including the pertitanates, four) 
scries of salts. 

{a) Titanous salts, which corres))ond to diraleni titanium, can only be 
obtained in the absence of air, and hav<‘ been but little investigated. 
Potassium thiocyanate and hydiochloric acid proilnce a brown coloration 
in solutions of the .salt.^ of divalent titanium, and on .shaking the Inpiid w'ith 
ether the colour is transferred to the latter (v. d. Pfordten). 

{b) Titanic sidls in which the titanium inlriralenf. I’liese also undergo 
oxidation with extreme readiness, and hence compoinuls with a strong 
reducing action arc jiroduced by dissolving titanium in dilute acids, or by 
the action of strong reducing agents upon .solutions of the corresponding 
salts of tetravalciit titanium, into compounds of which they arc usually 
converted merely by exposure to the air. Their aqueous solutions are of a 
violet colour, but, as in the case of chromic salts, there are also less stable 
modilicatioiLs, which give solutions of a green colour ; in general the 
reactions are .similar to those of the aluminium and ferric ions. Alkalis 
precipitate a dark hydroxide ; owing to there being a considerable tendency 
to form complex salts, this precipitation does not take place in the presence 
of tartaric or other organic hydroxy acids. 1’hc oxalates, as also other 
compounds {e.g. that with pyrocateehol, cf 8) of trivalent titanium are 
yellowish -red. 

(c) Salts of ietravalent titanium. Under ordinary conditions tliese are 
the only stable salts ; they are c^ourless in aqueous solution, and usually 
undergo pronounced hydrdlytic dissociation ; they invariably form complex 
compounds in their solutions, whilst the amount of the ion Ti"" pro- 
gressively decreases. 
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Titanium telracMoride^ the method of preparing which has already been 
described, is a colourless liquid which has a suffocating odour, boils at 
136°, and fumes strongly in the air, hydrochloric acid being liberated, and 
an oxychloride formed ; it dissolves in alcohol, forming a solution which 
remains clear even on the addition of water, but is decomposed by water 
with the evolution of heat. This hydrolysis leads, according to the con- 
ditions, to the fcvmation of titanium hydroxides, which behave in a different 
manner. If the titanium tetrachloride is dissolved in very cold water, 
with precautions to prevent the solution becoming hot (or if it^is allowed to 
stand for some time close to water beneath a bell jar, and the resulting solid 
crystalline mass introduced into water), a clear or slightly opalescent 
solution IS obtained, which shows little, if any, turbidity on boiling, and in 
which the addition of an electrolyte produces incomjilete llocculation 
(a- or orthotitanic acid). If the solution thus obtained is allowed to stand 
for some time and then boiled, a copious precipitate of another modification 
of the hydroxide is produced [fi- or metatitanic acid). When titanium 
tetrachloride is mixed with concentrated hydrochloric acid a yellow com- 
pound is formed, while heat is evolved and vapours of hydrogen chloride 
escape ; this com}iound di.ssolves in excess of hydrochloric acid to form a 
clear, light yellow, non-fuming liquid, in which jircsumably the comiilex 
ions Tid"(^ are present. The fairly stable solution may be diluted to any 
extent without any .separation of titanic acid. Ow mg to its ready volatility 
titanium tctrachlonde is of hnyot lance tn analysis , in this connection it is 
neces.sary to take into consideration its tendency to foim volatile compounds 
with other chlorides, such as PCI3, PCI;,, etc. 

The tctrafiuoruh is a white, very hygroscopic jiowder, boiling at 284"". 
When di.ssolved in dilute hydrofluoric acid it forms titanium hydrofluoric 
acid, the potassium salt of which KjTiFg is sparingly soluble (1 : 177 at 0° 
and 1 : 78 at 20“^), and is of impoitance for the separation of the acid from 
the other earth acids. 

The sul'phates show to a pronounced extent the tendency found in the 
case of all the other salts, to form basic salt.s. The only really stable salts 
among these, ” titanyl sulphates,” belong to the type (Ti0).S04 ; they 
undergo varying degrees of liydrolysis in aqueous solution, and yield, 
according to the conditions, dejiosits of strongly basic sulphates or of pure 
hydroxide (possibly too in the case of these precipitates it may only bo a 
question of a hydroxide adsorbing more or less sulphuric acid). Strong 
dilution and boiling cause metatitanic acid to precipitate. 

[d) Pcrlitanates. It was formerly commonly assumed that these con- 
tained hexavalent titanium. The solutions of the pertitanates, wliich 
have not been completely investigated, are of an orange-yellow colour ; 
these compounds, however, are more correctly regarded as those of a 
titanium peroxide hydrate {vide infra, 0). 

Reactions of tetraviMent titanium. 

4. Ammonia, potassium or sodium, hydroxide, ammonium sulphide, and 
harium carbonate precipitate titanium hydroxide (titanic acid), Ti02-4-aH20 
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(or Ti( 0 H) 4 +iKH 20 ), as a voluminous white precipitate (titanic acid gel) 
from solutions of the salts of tetravalent titanium ; tartaric acid inhibits 
the precipitation. The precipitate is readily soluble in solutions of alkali 
carbonates, and especially of ammonium carbonate, but it separates again 
on boiling the solutions for some time. As was mentioned above in con- 
nection with the hydrolysis of the chloride, the hydroxide exists in two 
modiheations, wliich, however, are only the extreme members of a si'.rics of 
hydrates, w hich are continually changing into one another. If the pre- 
cipitation IS made by adding ammonia, in the cold, to a freshly prepared 
solution, and the precipitate washed witii cold water, a- or orthotitanic 
acid is produced ; it is readily soluble in dilute acids in the cold, and is 
somewhat soluble in potassium and sodium hydroxide solutions, but 
separates again on ‘•oiling, and when cautiously hcakal incandesces and 
forms titanium dioxide. The fi- or metatitanic acid, which is much less 
soluble m acids and insoluble m alkali solutions, is formed, as was iiu'ntioiied 
above, by the hydrolysis of arpieoiis solutions of titanium salts when boiled 
for some time. I'liis hydrolysis is complete in the case of .sulphates, and 
when substances sucli as aceialv or sulphur dioxide, which jiromoto 

flocculation, are piesent in the solution, but m the ease of chlorides and 
many other salts is only incomplete.^ 'J’hc very pronounced tendency to 
sol-formation m solutions of the chloiidcs is sliowm by the fact that the 
titknii! acid gel precipitated from the solutions will again become colloidal 
and pass through tlie filter, if washed with water, without the addition of an 
electi'olyte. 

5. *SVW?/ m (liio.vflphate gives a quantitative precipitate of titanium 
hydroxide m boiling acid solutions of titanium salts. (Distinction from 
the ions of the trivaleiit rare earth metals. Agreement with the 
ions of aluminium, zirconium, thorium, scandium, and tetravalent 
cerium.) 

6. Disodium hydrogen phosphaft and other solutions containing p/ioi- 
phalc ion ^iroduce, even m strong hydrochloric acid solutions of titanium 
salts, a nearly quantitative precipitate of basic titanium jihosphate, the 
exact composition of which is not known. The piecipitation takes place 
even in the presence of a large excess of formic achl, and on boiling the 
liquid with a large amount of sodium acetate and acetic acid. Both 
methods, and especially the latter, clfect complete sejiaration of titanium 
ion from aluminium ion, although only after repeated Ireatmcnt (Gooch ^). 

7. Potassium ferrocyamde produces in acid solutions a reddish- yellow 
precipitate, potassium ferricyanide a yellow, and extract of gall nuts a 
hroumish precipitate, soon changing to oraiiye-red. 

8. Dihydroxylmulcic acid produces in cold aqueous solutions, even when 
extremely dilute, an intense reddish-brown coloration, and in concentrated 

^ This allords a means of separating titanic acid from aluimniuni and iron 
ions. If the latter is present ^ the Arm of feme ion, the precipitated meta- 
titanic acid invariably contains iron. This may be prevented by introducing 
sulphur dioxide, or adding sodium thiosniiihate. 

“ Chem, ZentralbL, 1887, 153. 
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solutions a chocolate-hroum precipitate of titanium dihydroxymaleic acid, 
which resists the action of cold concentrated acids, with the exception of 
hydrofluoric acid, and forms alkali salts (H. J. H. Jb enton ^). Fyrocalechol 
gives a yellowish-red coloration. This is an extremely sensitive reaction. 
It depends (as does possibly also the reaction with dihydroxymaleic acid) 
upon the reduction of the titanium ion to the trivaleiit condition, and the 
formation of a yellowish-red precipitate (Piccard 2 ). The sodium salt of 
chromotropic acid (1 •8-dihydroxynaphthal<‘ne-2*4-di8ulphon'c acid) pro- 
duces a blood-red coloration in sulphuric and hydrochloric acids solutions, 
but not in those containing much niti ic acid. (Tliis is a sensitive and trust- 
worthy reaction.) Titanium compounds give characteristic, colorations with 
phenols, especially hydroqninone, and alkaloids, es])ecially morphine and 
brucine (Levy-*), but st'c also Hall and 8mith.* Jbrissen recommends 
the red coloration which a solution of salicylic arid in concentrated sulphuric 
acid gives with the titanate ion as especially suitable for distinguishing it 
from the cerous ion (which also gives a yellow coloration with liychogen 
peroxide, vide, 9). He fuses a little of the substance under examination 
on a platinum wire witli potassium hydrogen sulphate, and treats particles 
of the crushed bead witli the solution of salicylic acid in concentrated sul- 
phuric acid. In the presence of titanate ion the solid particles show' a red 
coloration, which gradually spreads into the liquid. 

9. Hydrogen peroxide jiroduces a yellow coloration in sulphuric or hydro- 
chloric acid solutions of titanic acid ; reducing agents such as stannous 
chloride and zinc dust di'colorisc the solution again. In the absence of 
cerium, molybdate, vanadate, or chromate ions, the reaction is \ery 
characteristic and very sensitive. (It is capable of detcctmg as little as 
0*005 per cent, of TiOj with certainty in sulphuric acid solution.) Hydro- 
fluoric acid inhibits, and the presence of much nitrate or acetatt^ ion also 
influences the reaction ; chlorides, bromides, and iodides are also stated to 
have a disturbing effect (Levy), and obviously substances such as ferric 
salts, whicli produce a yellow coloration, affect the sensitiveness of the test. 
The yellow solution still shows all the reactions of hydrogen peroxide, with 
the exception of the blue coloration with chromate ion. According to the 
view formerly held the reaction depends upon the formation of pertitanic 
acid with hexavalent titanium, but a better assumption is that hydro- 
peroxidates of titanium are formed. A yellow compound is precipitated 
with a composition corresponding to the formula Ti(O.OH)(OH )3 when the 
solution of titanyl suljihate, to which hydrogen peroxide has been added, is 
treated with a little ammonia or alkali hydroxide. 'J’he addition of a larger 
amount of alkali hydroxide or ammonia produces pale yellow solutions, 
which may be a.ssumed to contain alkali pertitanates or salts, which are 
able to produce the hydroperoxidate, owing to the fact that the acid 
character of the rest of the hydroxyl groups is greatly intensified by the 

introduction of the hydrogen peroxide. (Method for the separation of 

• 

^ Chem. Zenlraltd., 1908, 11., 497. * Ber., 42, 4343. 

® Zeitsch. anal. Chem., 40, 807. * Chem. ZentralhL, 1905, 11., 1163. 

. » Ibid., 1904, I., 55. 
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titanium and iron ion'). Since the hydroperoxidates are readily soluble 
in acids, the addition of hydrogen peroxide causes modifications of titanic 
acid, which otherwise are only sparingly soluble in sulphuric acid, to dissolve 
readily in that acid. A yellow coloration is produced when solid titanium 
compounds arc fused with sodium peroxide, the mass dissolved in a sufficient 
quantity of cold water (no pronounced heating takes pi&,ce),,and the solution 
acidified with sulphuric acid. 

10. Reiluf/mg (igvnU produce some further characteristic reactions in 
s(4utions co!itaining t(!traval<uit titanium, owing to the formation of 
titanic ion. For evample, metalhr. tin, or zinc produces a violet to blue 
coloration in .sulpliunc or hydrochloric; acid solutions of titanic acid ; in the 
reduction of ilic liuoridc a gri'cn coloration may be jiroduced, whilst alkali 
hydroxides or ammonia precipitate blue or black titanic, hydroxide from the 
reduced solution, lii contradistinction to niobic acid the green coloration 
is also produced in a solution of the potasvsiurn double lluorides slightly 
acidified with hydrochloric; acid. In very strong hydrochloric acid solution 
niobic acid is rapidly n'duced (r/. ]>. 210, 5 (c)). H ydrosniphnroiis acid, a 
solution of which is obtaiiu'd by the action of granulated zinc upon an 
aqueous solution of sulpliur dioxide, or its sodium salt {Nai 5 S 204 ),^ also 
produce a violet or red coloration cvtui in vm-y dilute solutions ; the colour- 
ing niattc'r is not extracted from these by shaking with ether (R. Fresenius, 
ZcUsch. anal Client., 24, 410). The reaction proceeds, as shown in the 
following equation, from left to right in acid solutions, and from right to 
left in alkaline solutions, and may thus not take place at all in the latter 
(Rrunck •’). 

2Ti(:i4 I Na2S204^2Ti{lI,-|-2Naa4-2S02 

Similar lu'aotions, occasionally differing, how'cver, in the colour of the result- 
ing jiroducts, are also givim by niobium, molybdenum, vanadium, and 
tungsten compounds (r/. the respective sections). The solutions produced 
by such reductions have themselves very strong reducing powers, e.g. 
bleaching indigo, 

11, Alkali phosphate dissolves titanium dioxide with difficulty in the 
point of the outer blowpipe Hame forming a colourless glass, but it dissolves 
it freely and easily in tliat part of the outer llame in front of the inner point. 
If the l iansparent bead is again introduced into the point of the outer llame 
it becomes turbid, if sufficiently saturated, and on continuing the heating with 
the blowpipe, titanium dioxide sojiarates in microscopic crystals in the form 
of anatase (G. Rose). According to A. Knop the crystals consist of 
titanium phosphate, but according to G. Wunder they are rhwnbohedral 
crystals of sodium titanium phosphate. When the beatl is introduced into 
a strong reducing llame it appears after some time yellow while hot, red 
jvhilo semi-cold, and violet when cold. The reduction is facilitated by the 
addition of a little tin. On adding^ a small amount of ferrous sulphate the 

' Cf. Fabor, Zeitsch, anal. Ckent., 46, 277, where other literature on 
hoxavalent titanium is mentioned, 

* Cf. footnote to heading Sec. 102. 


® Ann. d. Chew.., 346, 283. 
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bead obtained appears blood-red in the reducing flame. Tn the oxidation 
area of the Bunsen flame the phosphate bead is coloured either not at all or 
only a faint yellow tint — when cold it appears colourless or pale violet. 
In the reduction area the bead is yellow while hot, and on cooling changes 
successively to yellowish-green, olive-green, faint violet, and violet. The 
reduced bead showsra mucli more pronounced coloration than the oxidised 
bead when cold. The addition of tin promotes the production of the 
reduction colorations. Borax beads are only faintly coloured by consider- 
able quantities of titanium (Lutz, Zeitsch. anal. Client., 47, 21). 

12. If a substance containing titanium is fused with .sodinm carbonate 
on a loop of tliin platinum vire in the inner flame of a Bunsen burner, ichich 
has been made someichaf lunnnous, and heated until all the sodium has 
volatilised, the copper-rc'd compound titauinm eybnide nitiide, 3I’i3N2 
-fTiCaNg, is formed through the action of the cyanogen m the gas 
(Liideking). 

13. For the detection of titanium in minerals about OT grm. of the finely 
powdered substance may be fused with 0‘2 grm. of sodium fluoride and 
3 grms. of sodium hydrogen sulfhate. On treating the fused mass with cold 
water the titanic acid is obtamed in solution and may be detected therein, 
e.g. as described in 9 (A. Noyes). As a rule, in the analysis of silicates, the 
titanium dioxide is present in the separated silicon dioxide. In such cases 
the residue may be fused with potassium hydrogen sulphate either directly 
or after removal of the silicon dioxide by heating it with hydrofluoric and 
sulphuric acids, the fu.sed mass dissolved in cold water, and the solution 
tested with hydrogen pero.nde. Silicates, e.g. refractory materials, may also 
be fused witli sodium peroxide in an iron crucible (see 9, conclusion). 
Knecht ^ has suggested heating the mixture of silicon dioxide and titanium 
dioxide with a little dilute hydrochloric acid (1:1) and zinc foil, and then 
after some time adding the solution to a hot aqueous solution of about 
0*5 grm. of Rochelle salt which has been tinted blue with indigo solution. 
In the presence of titanium the li(]uid is decolorised. The test is rendered 
still more sensitive by u.sing a very diluti* solution of methylene blue instead 
of the solution of Rochelle salt and indigo. Titanium iron may be decom- 
posed either by fusion with potassium hydrogen sulphate and extracting 
the fused mass with water, or, as proposed by Hcmpel,^ by fusion in a silver 
crucible with 4 parts of sodium jieroxide. When the mass is extrac^^ed 
with hot water the residue will contain all the titanium dioxide together 
with ferric oxide. When it is introduced without washing into a platinum 
crucible, concentrated sulphuric acid added, and the mixture evaporated 
nearly to dryness, the whole of the titanium oxide will be dissolved. On 
cooling the liquid and pouring it into a large volume of cold water a clear 
solution is obtained. 

14. The spark spectrum and the arc spectrum of titanium show numerous 
well-marked lines, which enable titaniuBi to be readily identified (as a small 
jdmixture) in the presence of other substances.* For particulars concerning 


' Zeitsch. anal. Chem., 47, 426. 


2 Ibid., 34, 71. 
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the most important lines, cf. Meyer and Hauser, Die ATialyse der seUenen 
Krden, p. 136. 

15. l^'or the microchemical detection of titanium, sec Haushofer, Mikro- 
skopische Reaklionev, p. 130; Behrens-Kley, Mikrochemische Analyse, 

3rded., p. 108. 

Se('. 53. " • 

' 10. Tantalum, Ta, 181*5. 

1. TanUdum ia a pJatinurn-grcy, very ductile metal, which is penta- 
valent in its stable compounds, hut also occurs in tetravalent form. The 
specific gravity of tantalum wire is given as 16*6; the m(>lting point is 
2850'’. In nature tantalum almost always occurs in association with 
niobium in numerous minerals which are widely distributed, but only in 
small quantities, and must be regarded as salts of niobie acid and tantalic 
acid. The most important of tliese arc ferrous salts of metaniobic or 
nietatantahc acids, and are known as iiiobitc (eolumbite) or tantalite, 
according to which of the two acids jiredominatcs. The niobates and 
tantalates of the rare eartiis, which are also important, have already been 
mentioned above. 

Fusion with potassium hydrogen sulphate is the best method of decom- 
posing niobite and tantalite ; on boiling the fused mass with w'ater a residue 
of impure niobie and tantalic acid is left. 

2. Tantalum peroxide, Ta^O.. (tantalic anhydride), is formed on igniting 
the hydrogi'l of tantalic acid ; it is pure white even when heated, but when 
contarmnated with a small amount of niobium pentoxide it becomes yellow 
on ignition, the colour disajqienring again on cooling. When heated in the 
air the infusible oxide is stable and gradually ^becomes crystalline; its 
specific gravity depends upon the duration of the ignition, but is about 
7‘5. When strongly heated in hydrogen or carbon monoxide it is reduced 
to a dark coloured tetroxido, which ia reconverted into the pentoxide when 
ignited in the air at a red heat. Tantalum pentoxide is insoluble in acids, 
with the exception of a mixture of concentrated sulphuric acid, hydro- 
fluoric acid, and of very strong (70 per cent.) hydrofluoric acid, which 
dissolve it on heating ; it is soluble in fused potassium hydrogen sulphate, 
but on boiling the fused mass with water complete separation of the tantalic 
acid takes place, this residue still containing adsorbed sulphuric acid, which 
cannot be removed by wooshing, but only by ignition with ammonium 
carbonate. 3’his distinguishes it from titanium, which when fused with 
potassium hydrogen sulphate and treated with cold water is soluble, but 
the method does not effect a complete separation, since titanium, niobium, 
and tantalum always have a reciprocal influence upon each other in solution, 
poly-acids or the like being formed. Tantalum peroxide is amphotcrii! in 
its behaviour, showing considerably tendency to acid formation, whilst the 
cations Ta*-'* are stable, thdugh not very decidedly so, in solutions of the 
salte. 

3. Tantalates. Tantalum pentoxide behaves towards alkalis as j)he 
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anhydride of a weak aeid. Alkali tantalates are formed by fusing the 
pentoxide with alkali hydroxides or carbonates, and are usually soluble 
in water, whilst all other tantalates are insoluble. The alkali salts, only 
some of which have been more fully investigated, are either metatan talates 
or compounds of poly-acids of the type HgTagO,,. Ortho tantalates and 
pyrotan talates are of frequent occurrence in nature, especially as ferric, 
cerium, and yttrium salts. Sodium hexatanlalate, Na8Tafl0iB.25H20, is of 
analytical importance, and is used for the se})aration of tantalum from 
niobium ; Mt is obtained as a residue extracting the products 'of the fusion 
with sodium carbonate or hydroxide ; it is only sparingly soluble in water 
(1 : 493 at 15° ; 1 ; 162 at 100°), and is insoluble in sodium carbonate or 
sodium hydroxide solution. 'I’he corre.sponding potassium salt is fairly 
soluble in water. Hence potassium hydroxide is preferable for the fusion 
of tantalum pentoxide. All alkali tantalate solutions undergo pronounced 
hydrolytic dissociation ; the addition of acid produces a precipitation of 
tantalic acid hydrogel ; on standing for some time they become turbid 
through the separation of acid salts. When dialysed they yield a pure, 
decidedly stable tantalic acid sol, which is precipitated by means of electro- 
lytes, and especially by means of dUute sulphuric acid or sulphur dioxide. 
Carbon dioxide precipitat(*s tantalic acid gel immediately, whilst it does not 
precipitate niobic acid sol until after some time.- Tantalic acid hydrogel 
is soluble in dilute hydrochloric or sulphuric acids, incompletely soluble in 
the concentrated acids, but readily soluble in hydrofluoric acid and alkali 
fluoride solutions ; when freshly precipitated it dissolves in alkali hydroxide 
solution, but not in ammonia solution. Speaking generally, the conditions 
of solubility depend largely upon the previous treatment, the degree of 
dryness, etc. It forms rcadilv soluble heteropoly-acids with oxalic acid 
(complex compounds), in consequence of which it dissolves when boiled 
with a concentrated solution of oxahe acid, and in the presence of oxalate 
ion only incomplete precipitation takes place by hydrolysis from an acid 
solution. Other hydroxy acids and polyvalent alcohols have a similar 
action ; for example, precipitated tantalic acid gel is readily soluble 
in a mixture of potassium hydroxide and mannite solution. 

4. Tantalum nails. Salts of tetravalcnt tantalum arc not known with 
certainty ; those of pentavalent tantalum undergo pronounced dissociation 
in aqueous solution. 

Tantalum pentachloride, TaOl,;, is formed by heating the metal or a 
mixture of the oxide with carbon above 200° in a current of dry chlorine, 
or more simply by heating the oxide in absolutely dry carbon tetrachloride 
or sulphur monochloride vapour. It is a yellow, solid, crystalline mass, 
which melts at 211°, and can be sublimed; it is decomposed by water, 
with the separation of tantalic acid, is completely solubh' in sulphuric acid, 
almost completely in hydrochloric acid, and is partially soluble in potassium 
hydroxide solution. Acids bring about solution by checking the hydrolysis,' 

' Weiss and T^ndccker, 7jp%tsch. anorgan. Chem., 64 , 05 ; Wedekind and 
Maass, Zeilsch. angew. Chem.., 23, 2.114. 

* CJ. Hauser and Lewite, Zeilsch. anytu). Chem., 25, 100. 
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and potassium hydroxide by the formation of tantalate ion. If the tanta- 
lum pentoxido contains titanium dioxide, titanium tetrachloride, which is 
volatile and fumes strongly on exposure to the air, is produced during the 
preparation of the cliloride. Tantalum does not form an oxychloride. 

When tantalic acid is dissolved in hydrofluoric acid tantah hydrofluoric 
acid is produced ; on adding potassium ion the salt tantalum potassium 
fluoride, crystallising in rliotnbic needles, is obtained, lifiis it- 'only sparingly 
soluble in water (1 : 200 at 15”), and is particularly important for the separa- 
tion of niobie acid. Corn'sponding alkali tantalum fluorides are also 
produced by fusion with alkali hydrogen fluoride. When the aqueous 
solution is boiled, an insoluble basic salt, (Ta 40 jF, 4 )K 4 , separates. This is 
a rtu^sl certain reaction for taniahm (Marignac). Potassium tantalum 
fluoiidc is 8(‘arccly vol^j^tilc when heated, and its solutions after acidification 
with sulphuric acid may, therefore, be evaporated, and the residue ignited 
without loss, since concentrated sulphuric acid causes separation of 
tantalum pentoxido. 

5. Reactions of an acidified solution containing tantalic acid. 

(a) Amnumia and Ammonium Sulphide precipitate tantalic acid gel. 

Hydroxy acids or polyvalent alcohols (tartaric acid, mannitol) inhibit 

the precipitation, and cause freshly pnu-ipitated gel to r(‘di.s.solve in presence 
of excess of alkali (suitable method for the purification of tantalic acid gel 
from ferric oxide, lead sulphate, etc.). 

(b) When a solution containing excess of hydrojlvoric acid is boiled an 
insoluble basic salt is precipitated (Marignac). 

(c) Gall-nut tincture produces a light brown coloration, but only after 
acidification in the case of alkaline solutions. 

{d) Potassium ferrocyumde produces a yellow coloration, which, however, 
does not appear in the presence of arsenic acid, oxalic acid, or hydroxy 
acids. 

(e) A reduction (and cliange in colour) is not produceil by zinc in acid 
solution. (Distinction from titanab' and niobate ions.) 

(/) Hydrogen peroxide does not ])roducc a yellow coloration (distinction 
from titanate, cerium, and niobate ions); the resulting colourle.sa pertitanate 
is readily soluble, so that a mixture of sulphuric acid and hydrogen peroxide 
always dissolves tantalic acid gel without diiViculty. (Method to be used for 
separation from lead sulphab'.) 

6. Alkali plwspliate dissolves tantalum pentoxide in the outer flame 
forming colourless beads, which luive also the same appearance while hot, 
remain the same in the inner flame, and do not become blood-red on the 
addition of ferrous sulphate. (Distinction from titanium dioxide.) 

7. The microchemical detection of tantalum is based upon the observa- 
tion of the minute crystals in which potassium tantalum fluoride, and 
sodium tantalate can be obtained (Behrens-Kley, Mikrochemische Analyse, 
3rtied., p. 143; Haushofer, Mikroskopische Reaktionen, p. 104). 
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Sec. 54. 

11. Niobium, Nb, 93*5. 

1. In the pure condition niobium is a manganese-grey, fairly ductile 
metal having a specific gravity of 12-7, and melting at 1950°. It occurs 
in its compounds in the di-, tri-, tetra-, and pcntavalcnt condition, but 
only pentavaleiit niobium is of essential importance. With regard to its 
occurrence and the decomposition of niobium minerals reference may be 
made to the statements about tantalum, in association with which it is 
almost always found. 

2. Niohiinn penlo^iih;, Nb^Oj, is white, can be obtained in crystalline 
form, and when heatt^d becomes transitorily yellow. (Distinction from 
tantalum pen toxide.) Itsspeeifie gravity is 4*53. (Dist’netion from tantalum 
pentoxide and means for the a])pr()ximate (‘stimation of the rc'lati ve amounts 
of both oxides in admixture.) WIumi strongly ignited in hydrogen it yields 
black niobium tetroxidt*, Nb 2 () 4 , whilst when fused with magnesium it is 
converted into the trioxide. NbgOa. The conditions of solubility and 
chemical properties of niobium ])entoxide correspond to those of tantalum 
pentoxide given above, and accordingly niobium is also amphoteric in its 
behaviour. 

3. Niohates in their general behaviour and mode of formation are 
completely anologous to the (corresponding tantalates. When the product 
of the fusion with sodium carbonate is extracted a residue of sodium 
metaniobate, XaNbOa.HHaO, is left; this is more than twice as soluble 
(1 : 200 at 15°, I : 75 at 100 ) as the corresponding sodium hexatantalatc 
formed under the same conditions, so that a method of separation may bo 
based on this difference in solubility. Niobic acid sol may be distinguished 
from tantalic acid sol by only being precipitated by carbon dioxide after a 
considerable time. The greater stability of niobic acid sol is also shown 
by the fact that the hydrogel is less readily precipitated on the addition of 
dilute acids, and that after precipitation it is more soluble in concentrated 
acids than tantalic acid hydrogel. When absolutely pure niobic acid is 
fused with potassium hydrogen sulphate, and the mass dissolved in water, 
a sol, which is not coagulated even on long-continued boiling, is obtained 
(Meyer and Hauser, he. cif.y p. 183), but the presence of a small amount 
of tantalic acid causes the ])reeipitation of a granular, sparingly soluble 
gel containing adsorbed sulphuric acid, and this is usually obtained on 
extracting with watr^r the product of the fusion with potassium hydrogem 
sulphate, since the two acids nearly always occur in association. In the 
complete absence of tantalic acid the precipitation of niobic acid gel may 
be effected by the introduction of sulphur dioxide. 

4. Niobium salts closely n'scunblc tantalum salts in their general 
behaviour, the prhicipal points of difference being as follows : Niobium 
'pentoxide, which forms yellow prisnjatic needles, melting at 194° and 
boiling at 240*5°, is prepared in the same way as tantalum pentachloride, 
but there is also simultaneously formed an oxychloride NbOCl 3 , which 
sublimes at 400° without melting ; this volatile basic chloride is also 
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formed by heating the pcntoxido, NbgOj, with vapours of the pentachlorido 
or in a current of hydrogen chloride. When NbOIj vajiours arc passed 
through a red-hot tube they are deconipo.sed into chlorine and black non- 
volatile vapours of niobium tricliloride, NbCl 2 , which are not decomposed 
by water. Niobium pcntachloride is decompo.scd by water, niobic acid 
being separated, and more or less niobium ion, according to the conditions, 
being dissolved. When boiled with hydrochloric acid and subsequently 
treated with water, both the chloride and oxyclJoride yield clear solutions, 
which do not give a precipitate with sulphuric acid in the cold. ( Distinction 
from the solutions of the corresponding tantalum salts, which are readily 
precipitated.) 

Normal potassium niobium Jluoride, K. 2 (NbF 7 ), is produced on adding 
potassium ion to a s.*lution of niobic acid in hydrolluorie acid containing 
an excess of the latter acid ; the salt is somewhat more soluble than the 
corresponding tantalum compound K 2 (Tab\), which is Isomorphous with 
it. Solutions (iontaiiung less hydrofluoric acid yield potassium niobium 
oxyfiuoride, K. 2 (Nb()F 5 ).H 20 , which erystallises in nacreous plates and is 
soluble in 12'5 parts of water. A method of s(‘paration might be based on 
tlie considerable difference in solubility of potassium titanium fluoride 
(1 : 9G at 15) and potassium tantalum fluoride (I : 200 at 12^), if it were 
not for the fact that tlie two .salts crystallise isomorphously, which makes 
a complete se[>aration m this way impo.ssible. When solutions of potas- 
sium niobium oxytiuoiide are boiled, more strongly basic but, as a rule, 
more soluble conijiounds are fortmsl by hydrolysis (important distinction 
from tantalum) ; after 12 hours’ boiling, with nmcwal of the evaporaU^d 
water, Kruss and Nilson ^ obtained a deposit of microcrv^talline niobium 
dioxyfluoride. When a boiling, very dilute solution of niobium in hydro- 
fluoric acid is treated with dilute potassium hydroxide solution until the 
colour of red litmus paper begins to change, and the neutralisation com- 
pleted with ammonia, niobic acid gel is completely precipitated. (Distinction 
and method of sciiaration, though only an incomplete one, from titanium, 
Dcmarcay. ■•^) 

5. Ih adions of an acidified solution ronlaimufj niobic acid. 

(а) Atmiwnm and ammonium sulphide giv(‘ a precipitate of niobic 
acid hydrogel containing adsorbed ammonia. 

(б) Potassium ferrocyanidt produces m solutions of niobic acid a yellowish- 
white precipitate, the formation of which is prevented by arsenic, oxalic, 
tartaric, and citric acids, owing to these acids forming complex compounds* 

(c) Oall-nnt tincture produces an orange-red color’ation in acid solutions 
of niobic acid, but the presence of even a small amount of tantalum masks 
the colour. 

(d) Potassium thiocyanate, and zinc and hydrochloric acid give a per- 

^ Per., 20, 1G89. . 

® Jahresber. ForUchr. Cdiem, 1885, 1929. 

^ With regard to the colour reactions with morphine, etc., mentioned by 
Levy, which are stated to be given by niobio and taiitalic acid as well as 
by titanic aciil, see the nmiarks on titanic acid in 8. • 

u 
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manent golden-yellow coloration with solutions of niobic acid. (Distinc* 
tion from tantalic acid and titanic acid, Pennington.^) 

(e) Reducing agents {c.g. zinc or tin in hydrochloric or sulphuric acid 
solution) produce blue or brown colorations through the formation of 
compounds of lower stages of oxidation. In tlu' presence of fluorides no 
coloration is iisuall^iobtained, on ing to the formation of complexes. Zinc 
and conceniraiM hydrochloric acid, houever. immediately produce a 
brownish-violet coloration in a boiling solution of potasskira niobium 
oxyfluoride, and this may also be used for a colorimetric estimation^ of 
niobium. Titanic acid under the same conditions only produces a faint 
green coloration after a considerable time, and tlius, if present, a largo 
quantity may inti'rfere n ith tlie reaction. ( certain test for n iohium.) 

(J) Bydrofjui penuidc gives a yellow coloration niUi niobic acid hydrate, 
owing to the formation of pernioluc acid. The hydrochloric acid solution 
of niobic acid, when treated with hydrogi'ii peroxide and allowed to stand, 
gives a yellow precipitate of pciniobic acid. Potassium niobium oxy- 
fluoride, (KaNbOFj.HoO), when treated in hot aqueous solution mih 
hydrogen pero.xide yields a wliitc preci})itatc of potassium fluoroperniobate, 
(Nb 02 F 3 . 2 KF.H./)), in the form of white scales. This compound gives 
a yellow coloration when treated with siiljihuric acid m the jiresence of 
hydrogen peroxide. (A very sensitive reaction e\en in the juesence of 
much tantalum.) Melikow and Jeltschanmow, (J/u ni. ZentralbL, 1905. 1., 
1276. 

{g) Potassium ferrocyanide produces a yellow ish-w lute preeijutate, the 
formation of which is not prevented by arsenic, oxalic, tartaric, or citric 

acids. 

{h) Qall-nut extract produces an orange- red coloration. 

(i) Alkali phosphate dissolves niobium pentoxide readily, forming in 
the outer flame a bead, which so long as it is hot is colourless, w'hilst the 
bead obtained in the inner flame has a violet- blue or brown colour, accord- 
ing to the quantity of the oxide added, and is red after the addition of 
ferrous sulphate. 

{k) The micru-chenncul detection of niobium is based upon the production 
of minute crystals of sodium niobatc (Haushofer, Alikroskopische Eeaktionen, 
p. 104 ; Behrens-Kley, Mikrochemische Analyse, 3rd cd., p. 141). 


Sec. 65. 

Summary and Remarks on Rare Members of Gnmp 111. 

The separation of the rare member's of the third group from one another 
and from aluminium chromium and members of the fourth group, which 
separate simultaneously with them in the course of the analysis, is described 
in Chapter III. of the second part of this book (No. 60), where it is shown 
how they may be separated in the form of jiub-groups. In this section, 
therefore, it is only necessary to give the most important methods for the 

^ J. Amf,r, Chenu Soc., 18, 38. 
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separation of the members of the different sub-groiijis from one another, so 
far as this is possible, by means of ordinary qualitative analysis, whilst 
reference may be made* to the* information given in the preceding sections 
in deciding as to which other elements the individual reactions might also 
more be emphasised that a number of these rare 
elements cannot be separated all from the others, 'or (V'tected in their 
presence by the ordinary nu'thod of qualitative analysis. 

1. Earth^metal acids. The mixture of llu' three gels of titanic, niobic, 
ar^d tantalic acids, as obtaimai by fusion with alkali hydrogen sulphate, 
dissolving the fused mass in water and boiling the solution, ^ is washed 
with water slightly acidified with suljihuric acid and containing a little 
sulphur dioxide. If, as may be the case, in th«‘ ('.xamination of the product 
of th(‘ fusion of a miiPeral with potassium hydrogi'U sulphate, it is necessary 
to remove admixed gangue or incomjiletely decomposed iiarticles, either of 
the following methods may be used: (u) I’ln* substance is tr(>ated with a 
niixture of eipial parts of 10 per cent, sulphuric acid and .’{ pci cent, hydrogen 
peroxide, whcrc’by tlu' gc'Is of the three earth metal aeids (and also any 
ferric oxid(\ stannic oxide, tungstic acid, and zircomuiu oxide pre.sent) are 
dissolved, the solution i.s tiltc'red, and the tlire(* gels reiiri'cipitatial by boiling 
from the filtrate which has been gn atly diluti'd and treated with sulphur 
dioxide ; or (/>) 'fhe frc'shly jin'cqiitatial o(‘|n an* dis.solvcd off’ the filter by 
means of an alkaline solution of mannite (15 to 20 jicr c(‘nl KOH, 10 per 
cent, of mannite). Any traci'S of ferric and lead ions in the filtraU' arc 
precipitated from tlu* alkaline solution by means of ammonium siiljihide, 
and the three earth metal acids art* tluai rcjincipitali'd b\ boiling the 
solution after acidilication with sulphuric acid and the addition of suljihur 
dioxide, 

Th(‘ following metliods may be used for the separation of earth metal 
acid gels which have been freed in this way from impuritu'S ^ : - 

A. Scparadon of 'riimuum from Nioh'unu ami Tanlalinn. 

{a) The diff’crcnt cajiacity to undergo liMlrolysis in sulphuric acid 
solution affords a means of separation, in which, however, only ])art of the 
niobic acid is precijiitatcd in the cold, and iii\ ariably cai i les dow'u with it 
some titanic acid.- 

(b) 'riie mixture of the three gels is di.s'.;ol\«'d in dilute hydroiluoric acid, 
and the solution, which should contain only a very small amount of free 
hydrofluoric acid (a large excess materially increasing the solubility of the 
potassium tantalum lluoride) is boiled for a considerable time. 'I’hc whole 
of the tantalic acid is left as basic double fluoride, ('ra 405 F,.,)K 4 , in the 
residue, whilst titanium and niobium double fluorides remain in solution. 

^ C!orn{)lctc scjiaration of zm-cmic acid is not alway.s clfrctcd by hydr >ly8i3 
on boiling the sul[)hunc acid solution, • Streit and Franz (J. piakt. Chein., 108, 
75) obviate the simultaneous •])r<>cipitation of zirconic acid by treating the 
sulphuric acid solution with an cipial volume of acetic acid and boiling it for 
8 to JO hours. 

“ r/. Fart 11., Chap. TIL, No. (10. • 
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This metliod, whicli originated with Marignac, may be used both for the 
sepai'ation of small amounts of titanic acid from tantalic acid, and is also 
of primary importance for the separation of niobic and tantalic acids. 

(c) The mixture of the three acids is fused with sodium carbonate (also 
as suggested by ]\Iaiignac), whereby poly- or metatantalates, soluble in 
water, are foriped, Whilst the titanic acid remains undissolved on treating 
the fused mass with water. The presence of the other two acids, liowcver, 
reduces the insolubility of thb titanic acid to some extent, so that this 
method, too, does not eflect a complete separation. Nor does the addition 
of a little sodium nitrate to the clear mass, when in a state of uniform 
fusion (Weiss and Landeeker ^), prevent a considerable quantity of titanic 
acid from dissolving, whilst, on the other hand, the residue of titanic acid 
invariably still contains niobic acid (Hauser and Lew Re -.) 

[d] The mixture is fused with four to live times its quantity of jiotassium 
carbonate, the mass dissolved in water at. about 00 ^ and the solution treated 
with salicylic acid in the proportion of about three tunes the quantity of 
potassium carhonate used, and boiled for 3 to 4 hours, whereby the whole 
of the titanic acid is tbssolved, whilst insoluble compounds of tantalum and 
niobium remain undissohed. By igniting the residue, fusion with potas- 
sium hydrogen sulphate, etc., both acids arc obtained in a fairly pure 
condition. 

(f) A method which is usually too involved, at all events for qualitative 
analysis, is that of Knop,’' which depends upon the greater volatility of 
titanium tetrachloride. If a current of carbon tetrachloride is made to 
act upon a mixture of the three earth metal acids, heated to redness in a 
quartz tube, the whole of the titanium tetrachloride (boiling point 135“) 
distils into a connected receiver when the end of the tube is heated to a 
suitable temperature, whilst the chlorides of niobium and tantalum, boiling 
at 240'5‘ and 241 ‘(L respectively, remain behuid. 

B. Sepatalion of Niobium and Tantalum from out another. 

After removal of the titanic acid, so far as tliis is possible by the methods 
given in [a) to ((/), or m cases where that acid is not present, the niobium 
may be separated from the tantalum as follows ; — 

(a) The process outlined above in A (5), which is based on the insolubility 
of the basic potassium tantalum lluoride precipitated on boiling the solution, 
is a very trustworthy method. 

(h) A method is based on the sparing solubility in sodium carbonate 
solution of sodium hexatantalate, obtained by fusion of the mixture with 
sodium carbonate. In the process of Weiss and Landeeker,'* as modified 
by Hauser and Lewite, the mixed acids arc fused with the smallest possible 
quantity of sodium carbonate and the fused mass taken up with a little hot 
water ; the greater part of the tantaliim remains insoluble (as Na 8 Ta 0 Cfi 4 . 
25 H 2 O), and is filtered off and washed with sodium hydrogen carbonate 

* ZcUsch. anor<jan, Chem., 64, 05. “ Zfitsrh. amjaw. Chem., 25, 103. 

« ® Zcitsch. J. Krislalloyrajjhic, 1, 284, * Loc. cit. 
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solution. As the liexaiiiobate is not very soluble, considerable attention 
must be paid to the process of solution and washing, and even then the 
residue will invariably contain some niobate ; in order to separate this, at 
all events to some extent, the fusion should be repeated. The small amount 
of tantalic acid remaining in solution may be precipitated as hydroxide by 
the introduction of carbon dioxide (Sec. 53, 3), but must be filtered off not 
later than an hour after ])recipitation. 

For tile identification of the earth acid metals separated by the pre- 
ccjliiig methods refi'rence may be made to the reactions described in 
Secs. 52, 53 and 54, but it may be emphasised once more that the most 
trustworthy t(‘st for tantalum is the jirecipitation of the double basic 
fluoride from a boiling solution (See. 53,4). Niobium may be detected 
with some degrei*. of certainty m the presence of minute quantities of 
titanium by the behaviour of its potassium oxyfluoride towards zinc and 
conccntrati'd hydrochloric acid (Sec. 54, 5 (c). This reaction is also much 
more trustwortliy for its thdoction m the presence of tantalum than the 
ditfei'i'nt coloration obtained with gall-nut tincture (Hecs. 53, 5 (c), and 
54, 5 (c). The yellow coloration obtained with hydrogen peroxide, which is 
described in detail in 8ec. 52, !), alfords a most certain r(*actioii for titanium, 
whilst the colour leaction with chromotiopic acid, given in Sec. 52, 8, and 
that with pyrocatcchol are also extraordinarily scnsitivi* 

2. The separation from aluminium, chromium, and beryllium, which 
arc obtained together in one sub-group in the course of the analysis {cf. 
Part XL, Chap. 111., No. (H), 4 and 5), has already Ix'cn dealt with above 
(fSec. 12), so far as concerns the two first. Jiy taking advantage of the 
different behaviour of tin' potassium hydroxide solutions of the substances 
on boiling, it is possible, provided that the liquid is sullieiently dilute, to 
precipitate bi'rylliuni hydroxide and chromic hydi’oxide togetiier, and to 
separate the former by means of one of the methods outlined in See. 42, 
which depend upon the oxidation of the chromic ion, followed by precipi- 
tation of the beryllium ion as hydroxide. If tlu' aluminium and beryllium 
ions are first separated together from chromium by oxidation of the latter, 
the resulting alununiiini and beri/llium hydroxides may then be separated 
by means of the reactions described in detail m !8ec. 43, 3, 4, 5, 7, and U. 
'riie crystallhie precipitate obtained with diaramoniimi hydrogen phosphate 
affords the best means of identifying beryllium ion (Sec. 43, 5). 

3. Separation of ceria and yltria earth metals as oxalates. Their 
uejuraliofi from thorium, on, the one haml, and from zirconium, beryllium, 
aluminium, ami chromium, and also from members of the fourth group on the. 
other hand. 

In the analytical proce.ss all the members of the third and fourth groups 
arc obtained together in one precipitate. When this is dissolved in acid 
the ions of the ceria and yttria earth metals, together with thorium ion, 
may be precipitated from the solution (if necessary afP-r separation of 
earth metal acids. Part IP, (Uiap. 111., No. Ot), 1) as oxalates, and the 
members of thi^ fourth grou]), together with aluminium, chromic, beryllium, 
and zirconium ions, obtained in solution. The thorium may be extracted 
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from tlie precipitate by means of liot ammonium oxalate solution (Part IL, 
Chap. IIL, No. 60, 5). 

4. Separation from thorium (zirconium, tetravalent cerium, and 
titanium), from trivalent ceria earth metals, and from yttria earth 
metals. 

(а) Sodium thios.ilphate, {b) potassium iodate in acid solution, and 

(c) sodium hypophosphnte precipitate thorium, and ceric iems, 

and also titanium ion. 

Simultaneous precipitation of ceric ion can usually be prevented 1^ 
previous reduction to the trivalent form. For the methods of separating 
thorium ion from the otlun* ions simultaneou.sly precipitated by these 
reagents, or of preventing the precipitation of these ions, reference may be 
made to the individual reactions in question in Sec. 4F (especially h). 

Scandium ion behaves like thorium in the thiosulphate reaction. It 
is also precipitated by potassium iodate, but the precipitate is soluble in 
nitric acid. 

{<]) Hydrogen peroxide precipitates thorium ion from neutral and 
shghtly acid solution, wiiilst it also pn'ciju tales zirconium ion more or less 
completely, according to the nature of the anion jiresent. Ceric ion may 
be partly reduced to the trivaU>nt condition and partly converted into the 
tetravalent condition. In the latter form it is jirecijiitated as hydroxide 
by ammonia. 

5. The behaviour of the sulphates or double sulphates may afford a 
means of separating ion from the ions of the other rare earth metals 
(Sec. 44, 7). On the other hand, the double sulphates may be used for the 
separation of the yttria and aria earth metals, and also for the separation 
of the individual members of these sub-groups, but the process is a pre- 
paratory one rather than a method of analytical separation. 

6. The double nitrates may be used in a jnocess of fractional crystallisa- 
tion for purifying the different elements, but are not suitable for analytical 
separation in the ordinary meaning of tin; tm ni. 

7. The separation of cerium from the rest of the ceria earths may be 
effected by methods based upon its conversion into the tetravalent form 
and the different reactions which it then gives (cf. 4). One of the following 
methods, for example, may be used for the oxidation and separation of 
cerium : ^ (a) The acid solution of the chlorides of the ceria earth metals 
is nearly neutralised, without, however, causing a permanent precipitate 
to be formed, a sufheient quantity of sodium acetate, and an excess of 
sodium hypochlorite added, and the whole boiled for some time ; under 
these conditions ceric ion is ])recipitated as basic ceric acetate (which must 
be washed with sodium acetate solution (Popp and Erk), whilst the 
remainder of the ceria eartfi ions, with traces of ceric ion, remain in 
solution (Popp, Ajm. Chem. Fhanv., 131, .360)). 

(б) The solution is treated with potassium hydroxide, the precipitate 
washed and suspended in jiotassium hydroxicte solution, and a current of 

* Sec also the detailed description in It. .J. Meyer and Abegg’s Handhtichf 
Vqj. 111., Part 1., p. lid et seq. 
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chlorine introduced. Ceric hydroxide is loft undissolved, wliilst the other 
ceria earth metals dissolve as clilorides or hypochlorites (Nosander, Damour, 
and St. Clair Deville, Comptes reml., 59, 272 ; cf. also Drosbach, Ber,, 35, 
1826). The residual precipitate is very impure, so that only by frequent 
repetition of the process can a complete separation be effected. The 
method may be of use, however, for the separation bf small amounts of 
cerium. 

(c) The ipixture is dissolved in an excess of strong nitric acid, the 
sojution boiled with lead peroxide, and the resulting orange-yellow liquid 
evaporated to dryness. The residue is then heated mitU part of the acid 
has evaporated, treated with water, acidified with nitric acid, and the 
insoluble residue of basic ceric nitrate separated from the solution, which 
will contain all the lihitlianum and didymiurn (Cibbs, Zeitsch. anal. Chem., 
3, 396). In using this method it should be noted that the lead ion must 
be removed by means of hydrogen sulphide from both the residue and the 
solution before they are subjected to further treatment. According to 
Knorre the oxidation of the ceric ion is incomplete ; hismalh tetroxide and 
nitric acid oxidise it complct<'ly (Wagner and Muller). 

{d) The solution is treated, while continually stirred, with a solution 
of sodium peroxide in ice- water ; the reddish-brown precipitate is washed 
by decantation with hot water, and, after the liquid has been drained off 
by suction, is dissolved in nitric acid. On adding ammonium nitrate the 
cerium may then be precipitated as ceric ammonium double nitrate (Mengel, 
Zeitsch. anorgan. (dicni., 19, 67). Pissarjewski recommends the addition 
of hydrogen peroxide and of ammonia, both in the cold, to the acid solution ; 
this effects complete oxidation and on subsequent boiling of the liquid 
complete precipitation of the ciuiuin as ceric hydroxide, which may then 
be treated as described above. 

The 'presence of cerium may be (letectt;d by the yellow to red coloration 
of its compounds in all cases in which it occurs in the tetravalent form. 
If these colorations are not directly visible in a substance which is only to 
be tested for cerium without separating it, oxidation by means of persul- 
phate in acid solution may l)c used, in addition to the above-mentioned 
reactions, and the resulting ceric ion may then be recognised by its yellow 
coloration. 

For the detection of small quantities of cerium it is advisable to employ 
the reaction described in {<!), by adding dilute ammonia solution to the acid 
solution of the earth metals until a permanent precipitate is just formed, 
and then adding the hydrogen peroxide. Under these conditions the 
precipitate of hydroxide, enriched by the partial iirccipitation of cerium, 
will show a distinct yellow coloration, whilst in the absence of cerium it 
will have a bluish- white appearaniic. 

8. Neodymium and praseodymium and the other so-called “ coloured ” 
earth metals may be readily and certainly detiocted by means of their 
absorption spectra. 
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Fourth Group. 

Ions of the Heavy Metals, the Sulphides of which are soluble in 
Acids. 

Members of i^yequent occurrence ; Zinc, Manganese, Nickel, 
Cobalt, Iron (as ferrous and ferric ions). 

Members of less frequent occurrence : Uraniunir Thallium, 
Indium, Gallium, Vanadium. 


Sec. 56. 

Characteristics of the Group. 

Position in the periodic system.— All the meiubers of the fourth 
analytical group arc pronounced heavy metals. !Most of t iiem occupy 
a place in the middle of the first great period, in which they directly 
follow one another from vanadium to gallium in a series interrupted 
only by chromium and copper ; with gallium are associated the 
analogous higher members of the third group of the ])eriodic system, 
indium and thallium. Lastly, uranium, which also belongs to the 
fourth analytical group, occuj)ies a position in the periodic system 
far removed from the others, but from an analytical point of view, 
however, only the properties of the cation of importance, 

and these agree closely with those of the rest of the ions of the group. 
In accordance with their position in the })erio(lic system the members 
of frequent occurrence all show great similarity in their behaviour. 
They all occur mainly in a divalent form, in which they are also so 
positive that they show' only the slightest, if any, tendeiuy towards 
hydrolysis. The individual members do not differ very greatly as 
regards their positive character. ^langanese is the most strongly 
electro-positive, zinc the next, and then iron, cobalt, and nickel, 
which also are particularly close to one another in their order of 
tension. Zinc occurs only in the divalent form, and has an ampho- 
teric character, whilst the four others are only met with as cations 
in the divalent form. These four also occur in the tri valent form 
(iron in very important compounds). In this form they are slightly 
positive, show a tendency towards hydrolysis, and combine with 
oxygen to form anions. Manganese, iron, and to a less extent also 
cobalt and nickel, occur in still higher forms of valency, in which their 
tendency to combine with oxygen fo form acid radicles is shown to 
a still more pronounced extent. In this respect vanadium closely 
resembles them. In the trivaleut form they show many close 
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similarities with the members of the third analytical and periodic 
group, to which latter gallium, indium, and thallium also belong. 

The four metals which stand next to each other, manganese, 
iron, nickel, and cobalt, show in some cases a particularly pronounced 
tendency to form complexes, and in this respeej vanadium agrees 
with them. * 

Analytical character of the group. — The ions of the fourth 
anfilylical group are not precipitated by hydrogen sulphide in the 
presence of a considerable amount of hydrogen ions {i.e. from solutions 
which contain a sufficient quantity of free acid). Hydrogen sulphide 
precipitates the iops of the fourth group either not at all or in- 
completely, or only under very definite conditions completely /row 
sUghtly acid or neutral solutions (in which hydrogen ions are formed 
through the decoinposition of the metal salts by the hydrogen 
sulphide), l)Lit, on the other hand, hydrogen sulphide precipitates them 
completely from alkaline solutiorc^, and alkali sulphide precipitates 
tlnoii from alkalini, or neutral solutionsA The resulting precipitates, 
hydrated sulphides, ar(^ insoluble in wat<‘r,2 some are easily soluble 
in dilute acids, and otlu'rs (nickel and cobalt sul])hide) are insoluble, 
whilst nwst of them are insoluble, some (nickel sul]ihide) under certain 
conditions slightly soluble or even completely soluble (vanadium 
sulphide) in solutions of alkali sulphides. 

The ions of the fourth groiq) are, therefore, distinguished from 
those of the first group by the fact that they are preci[)itated from 
their solutions by ammonium sulphide ; from those of the second 
group by the fact that they give precipitates with ammonium 
sulphide, whilst the ions of the second grouj) arc not precipitated, or 
are only })reci]ntated in the presence of certain anions {e.g. phosphate 
ion), and then in the form of insoluble salts (phos{>hates, borates, etc.) ; 
and from the ions of the third group by the fai^t that the precipitates 
produccMl by ammonium sulphide are suljdiides, and not (as in the 
case of aluminium ion, chromic ion, etc.) hydroxides. The hydroxides, 

^ Kor thu very charaotoristic lM*.haviour of vanadiuni, soc Sec. OS, 4. It 
is doubtful wlu'tlior ('allium is really priH-ipitatcd as sulplude, since it. is only 
])rccipitated simultaneously with other imdals. J’ossibly it would be more 
correctly included in the third ^roup (c/. Sec. 07). 

^ 1’hat IS to say, practically insolubh', since their solubility is always still 
about a hundred tunes as groat as that of the sulphides of the fifth analytical 
gloup ; on this fact (h'pends the difference between the behaviour of the two 
groups in acid solution, m wlpch, in*the case of the sulphides of the foiyth 
analytical group, the extremely slight concentration of the S'' ions is no longer 
sufficient to exceed the solubility product (c/. also the references quoted on 
p. 1 10, and Part IL, Chap. III., No. 18 ; also p. 219). 
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carbonates and phosphates of the elements of the fourth group are 
insoluble in water. 


Special Reactions of the Members of Frequent Oc(‘urren(^e. 
Sec. 57. 

(a) Zinc, Zn, G5-37. 

1. Zinc is divalent. It has a specific gravity of 0 9 to 7 '2, and 
melts at about 419°. In the inetallic condition it is bluish-white, 
highly lustrous, and when exposed to the air bec^omes coated with a 
thin layer of basic zinc carbonate. It is of medium hardness, ductile 
between 100° and 150°, but otherwise more or less britth* ; it readily 
melts on charcoal in the blowpipe flame, and afterwards boils (boiling- 
point 929°), and burns with a bluish-green flame, ])roducing white 
fumes in the air, and coating the (diarcoal with oxide. Pure zinc 
is scarcely soluble in dilute hydrocdiloric or sul[)huric acid, but 
dissolves in very dilute nitric acid with the evolution of nitrous oxide, 
and in concentrated nitric acid with the evolution of nitric oxide. 
Impure zinc, or zinc in contact with metals of similar electrolytic 
solution tension, dissolves in dilute hydroehlori(; or sulphuric acid, 
with the evolution of hydrogen, Zn-f2H‘~Zn'’ I-II 2 ; for example, 
Zn-}-H2804=ZnS04-|-H2. Zinc is also soluble in solutions of 
alkali hydroxides, hydrogen being liberated and zincate ion formed, 
Zn-|-20H'=Zn0"2-i“H2 ; forexamph*, Zn-l-2NaOJl~Zn(ONa)2-|-H2* 
Zinc is thus amphoteric. 

2. Zinc oxide, ZnO, and zinc hydroxide, Zn(()II) 2 , are usually 
white powders, insoluble in water, but readily solid ile in hydro- 
chloric, nitric, and sulphuric, acids. Zinc oxide becomes lemon-yellow 
when heated, but turns white again on cooling. When ignited before 
a blowpipe it becomes luminous and strongly incandescent. 

3. The salts of zinc are colourless or white, when the anion does 

not impart a colour ; some are soluble in water, others in acids. 
The neutral salts, soluble in water, redden litmus in consequence of 
hydrolysis ; the salts of volatile acids are, with the exception of 
zinc sulphate, which will stand gentle ignition to over 7(KJ°, readily 
decomposed when heated. Zinc chloride, which is volatile at a red 
heat, is a strongly hygroscopic deliquescent mass with a corrosive 
action. • 

4. Hydrogen sulphide does 7iot precipitate zinc ion from its 
solutions, provided that they are acidified with a suflicient quantity 
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of a strong acid. If the amount of free acid is small, especially in 
the presence of alkali salts of weak acids (which repress the hydrogen 
ion concentration), a white precipitate of hydrated zinc sulphide, 
ZnS, is produced. The properties of this precipitate are described 
at the end of ])aragraph (5). Under suitable ccyiditions the pre- 
cipitation is complete. Alkali hydrogen sulphates ‘only prevent 
the preci])itation when present in large amount. The whole of the 
zin^ ion is precipitated from sufficiently dilute solutions acidified 
with weak acids [acetic and formic acids (DellTs, Hampe, Funke), 
thiocyanic acid (Zimmermann), monochloroaccdic acid (von Berg), 
succinic acid (Alt ai^d J. Schulze), or gallic acid (E. A. Lewis)], and 
also from very dilute sulphuric, acid solutions (E. C. Sullivan and 
W. C^. 'Paylor, Zcitsch. anal. Cheni., 49, 597). From neutral solutions, 
according to the nature of the unions jiresent, the zinc is precipitated 
either incompletely or completely, the latter being the case when 
the solution contains a sufficient quantity of an alkali salt of a 
weak acid (c.i/. sodium acetate). Heating to 50°-60‘^ promotes the 
separation. 

All these conditions in connection with this and the following mombera 
of the fourtli group may be explained by the fact that when through 
the presence of many H’ ions the dissociation of tlu* weak acid, hydrogen 
sulplnde, is strongly reprc'sscd, sufficient S" ions no longer remain in the 
solution to reach or exceed the solubility product [Zir*] . [S"]— A, not- 
withstanding the high Zir* concentration. With regard to the reaction 
equation Zir*- H..S'^ZnS4 2H‘. it maybe pointed out that the course 
of the equation is from left to right or vice-versa, and that hence all the 
conditions which reduce the concentration of the JI* ions, and correspondingly 
increase those of the 8" anions, jiromote the formation and preci]jitation 
of zinc sulphide, whilst conversely tlu^ increase of ions, as by the addition 
of a strong acid, causes solution of the zinc sulphide already formed (c/. 
however the work of St. (Ihxelli, Zeitsch. aiiorg. Chem., 55, 297, in which 
it is shown that considerable retardation may occur in the production of 
equilibrium. There thus results a false equilibrium, whilst in the presence 
of catalysts such as ZnS, CuS, CdS, or after a very long time- some weeks 
— even in fairly acid solutions, pronounced precipitation of ZnS takes place). 

i). Ammonium sulphide precipitates from alkaline and neutral 
solutions, and hydrogen sulphide iTomalkaline solutions, the whole of the 
zinc ion as a white precijnlate of hydrated zinc sulphide.^ Ammonium 
chloride has a considerable influence in promoting the separation, 

^ According to Ghxclli U()Cj» cil.), tLs is j8-zinc sulphide, which contains a 
larger proportion of water, and is about four times more soluble in water than 
a-zinc sulphide, which is formed in acid solutions, and into which it is gradually 
converted. • 
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In the case of very dilute solutions, the precipitate only separates 
after standing for a long time. It is not soluble either in excess of 
ammonium chloride solution, or of alkali hydroxide or ammonia solu- 
tions, whilst an excess of hydrogen sulphide or of alkali hydrogen 
sulphide produces a colloidal solution (L. W, McCay, Zcitsch. anal. 
Chem., 49 , 5 ^J 8 ). It is dissolved by hydrochloric, nitric, and dilute 
sulphuric acids, but not by acetic and other weak acids. Occasionally 
the precipitate is slimy. This colloidal condition is not produce(;l in 
the presence of alkali salts of strong acids, and heating has the same 
effect. 

6 . Ammonium thioaceiate solution does not produce a prcci])itate in 
acid solutions of zinc, but precipitates zinc sulphide from ammoniacal 
solutions. Sodium thiosulphate does not give a precipitate 

7 . Potassium and sodium hydroxides precipitate zinc hydroxide, 
Zn(OII)o,/row solutions of zinc salts, in the form of a gelatinous white 
precipitate, which, especially when freshly precipitated, is readily 
and completely soluble as zincate ion, but with more diiliculty after 
it has stood for some time (y.c. has undergone change). When these 
alkaline solutions are boiled they remain clear if concentrated, but 
if they are dilute nearly the whole of the zinc, hydroxide separates 
as a white jirccipitate. Zinc hydroxide thus has the character both 
of a base and also, in the presence of strong bases, of an acid. The 
reaction Zn(0H)2-f20l^^Zn0"2^ -^^ 0 — for example, Zn(0H)2 
-f 2Na0H^Zn(0Na)2-l-2H20 therefore proceeds from right to left 
in dilute solutions, and this is also the case when the liquid is boiled 
in the presence of a sufficient excess of alkali. Ammonium chloride 
produces in alkaline solutions containing only a very slight excess of 
potassium or sodium hydroxide a white precipitate of zinc hydroxide, 
which redissolves on the addition of more ammonium chloride {cf. the 
following paragraph), but no precipitate is produced by ammonium 
chloride in solutions which contain a larger amount of potassium or 
sodium hydroxide. (Distinction from aluminium ion.) 

8 . Ammonia also produces in solutions of zinc salts, when they 
do not contain a great excess of free acid {i.e. show a smaller hydrogen 
ion concentration), a precipitate of zinc hydroxide, which is readily 
soluble in excess oj the precipitant, A concentrated solution becomes 
turbid when mixed with water. Whem a concentrated solution is 
boiled, part of the zinc, hydroxide separates, whilst the whole of* it 
separates on boiling a dilute solution. Ammonium salts influence or 
prevent these precipitations. (The action of ammonium salts in this 
case is analogous to that described in the case of magnc^ium ion 
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(pp. 34, 149), l)ut the formation of conij)]ex ions has also to be taken 
into consideration here.) 

9. Sodium carbonate produces a ])recipitate of basic zinc car- 
bonate, insoluble in excess of tlie precipitant. 4'he composition of 
the j)reci]iitate varies with the concentration and temperature of the 
solution, and, the extent to which the ])recipitant ^redomijiates. 
Ammonium salts 'm larg(‘, excess prevent its formation. 

,10. Ammonium carbonate preei])itat(‘s the same compound as 
sodium carbonate, and the jm'cipitate re-dissolv(^s on the addition 
of more, ammonium carbonate. On boiling the diluted solution a 
white j)r('cipitate is obtained. Ammonium salts influence or prevent 
this preci])itation. 

Nofcf^ to 3, 7 to 10 : If solutions of zinc salts contain non-volatile 
organie. acids the y)recipitation by alkali hydroxides and carbonates 
is alTei'ted or prevented, owing to the formation of complex ions ; 
sugar, however, doi's not jirevent the precipitation 

Sodium peroxide or hydrogen yicroxide, bromine, and other oxidis- 
ing agents, cannot prc'cijiitate zinc from alkaline solutions of zinc 
salts, or alter the zinc ion, since zinc only occurs in the divalent 
condition. This enables the zinc ion to be se])arated from the ions 
of oxidisable metals (manganese, nickel, cobalt, bismuth). The 
precipitate, how^cver, is not (juite free from zinc. 

11. Barium carbonate does not precipitate zinc carbonate in 
the cold from aipieous solutions of zinc salts, with the exception of 
zinc sulphate. 

12. Potassknn, eijan'ide gives a white precipitate of zinc cyanide, 
Zn(C!N)2. This is soluble in exci'ss of the precipitant, a complex 
anion being formed, Zn{('N)"4; ZTr‘-l-2rN^ Zn(0N)2 ; Zn(CN)2 
+2CN'=Zn(CN)"4 ; for examyilc, Zn('l2-f2K(bN'.--Zn{0N)o+ 2KC1 ; 
Zn(CN)2H-2K(^N“^Zn(CN)4K2- If the excess of potassium cyanide 
is not too great, potassium or sodium sulphide jirecipitates hydrated 
zinc sulphide immediately from this solution, wdiilst hydrogen 
sulphide or ammonium sulphide preciyiitati^s it slowly and incom- 
pletely. 

13. Potassium ferrocyanide ^ gives a gelatinous w4iite yirccipitate 
of zinc fcrrocjjanidc, Zn2Fe(('N)e, or of potassium zinc ferrocyanide, 
Zn3K2[he(CN)o]2, which is soluble in excess of the jirecipitant and 
sparingly soluble in hydrochloric acid. Oji treating this precipitate 
with bromine a deep yelU)w oxidation product is obtained (F. F. 

^ With regard to an analogous reaction with potassium cobaltocyanide, see 
Sec. 00, footnote to 12. • 
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Werner, Zeitsch. ami. 61 , 481). The precipitate with ferro- 

cyanide is also produced in a solution treated with tartaric acid and 
excess of ammonia solution. In the presence of even small amounts 
of proteins, potassium ferroeyanide produces in slight!) acid solutions 
not a gelatinous but a llocculent precipitate. J. Brand recommends 
this reaction 'for the detection of traces of zinc ion in beer'. Only 
the non-occurrence of a preci])itate, however, proves the absence of 
zinc ion, whilst further tests for zinc must be a[>plied to any precipi- 
tate obtained {Chem. ZerUralhL, IbO:), 11., bib). 

14. Potassium ferricyanide gives a brownish-orange yellow ])re- 
cipitate of zuw ferricyani(((\ Zn 3 [Fe((’N) 6 l 2 , whicJi is soluble in 
hydrochloric acid and in ammonia solution. 

15. Potfmima periodate ])roduces a white precipitate in acjueous 
solutions of zinc. The presence of ammonium cldoride and ammonia 
prevents the formation of the precipitate in th<‘< cold, or has an 
influence on its formation, when a large amount of zinc is present. 
When the solution is lioiii'd tlie zinc ion separates (Stanley B. 
Bcnedikt, C/iem. Zentralhl.. 1906, I., bOl). 

16. If an alkaline zincate solution is eleetroh/sed in a very small 
electrolytic cell containing a cojiper wire O'b mm. in diameter as 
cathode and a platinum win* as anode, with a voltage of 10, extremely 
minute quantities of zinc may be .sejiarated and recognised by the 
colour of the copper wire (W. Neumann, Zedseh. anal, (diem., 49 , 
697). 

17. When an alcoholic or etluueal solution of resorcinol is added 
to an ammoniacal solution of a zinc salt, it gives a bright blue 
coloration ; this is a sensitive reaction, but is only distinctive in the 
absence of cadmium, copper, cobalt, nickel, and manganous ions 
(A. del Campo Cerdan, (7/cm. Zentralhl.. 1909, II., 474). 

18. A zinc salt or a mixture of a zinc salt with .sodium carbonate, 

exposed to the reducing flame of the blowpipe, coats the charcoal 
with a filmy deposit of zinc oxide, which, so long as it is hot, is yeliow, 
but becomes white on cooling. The formation of this is due to the 
fact that the reduced metallic zinc volatilises at the moment of its 
production and is re-oxidised on its passage through the outer flame. 
The deposit of metal obtained, as described on p. 89, is black with a 
brownish outer film, whilst the oxide deposit is white and therefore 
invisible on porcelain. It may be dissolved in a little nitric acid and 
tested as described in 19. '' 

19. If zinc oxide or a zinc salt is moistened with a solution of 
CObaltonitrate and heated in the blowpipe flame, unfused cobalii- 
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zinccUe, CoZn 02 , which haLS a fine green colour (Rinmann’s green), is 
obtained. If therefore the deposit obtained as described in test 18, 
or the residue left by heating the substance in the oxidising flame, is 
moistened witli cobalt solution and ignited, it apjicars green when 
cold. 

The* reaction may })e made very sensitive by trilating the solution 
of a zinc salt with a very small amount of a solution of a cobaltous 
salt (not sulticient to (‘olour the liipiid bright red), adding a slight 
excess of sodium caibonate. boiling and liltisring the liquid, and 
igniting thi* washed pna-ipitate on platinum foil. On powdering the 
residue the green colour may be easily and unmistakably recognised 
(Bloxam). ]\Iinute quantities of ziiu; may also be detected by means 
of this reaction by saturating a roll of filter paper with zinc solution, 
whic'h has been treated with a little cobaltous nitrate, and igniting 
it in a holder of ])latinum wire. An excess of tlie cobaltous salt 
solution must b(' avoidi'd, since otherwise the resulting black cobalto- 
cobalti-o,xid(' masks the green coloration. 

20. With H'gard to the microchemieal deteidion of zinc- ion, see 
Haushofer, Mikrosfaipisc/ic Hvaklimcn, p. Ibl ; B('hrens-Kley, 
Mifcroohnnii^clir Anah/sr, 3rd ed., ]). 61) ; Schoorl, Zdiscli. anal. 
Chem., 48 , 221, 230 ; if. V. Jlradley, who reconmamds precipitation 
as zinc nitroprusside {Ghem. Zcntmlhl., 11106, II., 1873) ; Pozzi- 
Escot, who recommends the use of calcium zincate {Chrm. ZcMtralhl., 
1907, 11., 484). 


Sec. 58. 

(b) Manganese, Mn, 541)3. 

1. Mampnicse occurs in the di-, tri-, tetra-, hexa- and iiepta- 
valent forms. Of the compounds in fhii solutions of which it is 
present as cation only the manganous compounds (of divalent 
manganese) arc stable. This section, therefore, deals mainly with 
the reactions of these. 

Metallic nutnganese is greyish-white, slightly lustrous, very hard 
and brittle. Its specific gravity is about 7*2, and its melting point 
about 1245^" to 1260'’. When not quite pure, it is rapidly oxidised 
in moist air and also in water (with the evolution of hydrogen), 
and is disintegrated into a blackish-green powder. It is readily 
soluble in acids, forming solution^ which contain manganous ion. 

2. Manganous oxide, MnO (manganese monoxide), is light green, 
vhilst manganous hydroxide is white. The former burns with 
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incandescence when heated in the air, producing mangamoua mamjanic 
oxide, Mn304, whilst the latter rapidly absorbs oxygen from the 
air and is converted into brown hydrated manganous manganic 
oxide. Both are readily soluble in hydrochloric, nitric, and sul- 
phuric acids. 

The bro wnish- black oxide, Mn203, manganous njinganic 

oxide, Mn304, as also black manganese dioxide, MnOo. dissolve when 
heated with hydrochloric acid, evolving chlorine, and forming 
manganous chloride, whilst when heated with concentrated sulphuric 
acid they yield manganous sulphate, and oxygen is liberated. 

Tri- and tetravalent manganese, corresponding to the two higher 
oxides mentioned, can also form anions in association with oxygen, 
so that salts are produced which are derived from manganic hydroxide 
and from the hydroxide of tetravalent manganese (manganite) acting 
as acids. All these compounds are decomposed by acids in such a 
way that, on the one hand, there are formed salts of those cations 
which were in combination with the anions containing the manganese, 
and, on the other hand, the same comjiounds arc formed as arc 
produced by the action of the acids ujion manganic oxide and 
manganese dioxide. Little is known about the oxides of the hexa- 
and heptavalent manganese, Mn03and Mn207, in the free condition. 
The green manganates, and the red j)ermanganates,RMnOi, 

are derived from them. 

All the manganous oxides arc converted into manganous manganic 
oxide, Mn304, when ignited in the air. 

3 . The mangarmis sails are colourless or pink when the anion 
present does not impart a colour to them ; .some are soluble in water, 
others in acids. The manganous salts of volatile acids are, as a rule, 
easily decomposed on ignition, but manganous sulphate can be 
heated to redness without decomposition. Solutions of the mmtral 
manganous salts show a neutral reaction. The manganous ion has 
pronounced basic properties, and in many respects resembles mag- 
nesium ion and ferrous ion. In contradistinction to the conditions 
in the case of ion, manganous salts are far more stable than the com- 
pounds of the trivalent very weakly basic manganic ion, which in 
aqueous solution undergo pronounced hydrolysis. 

4 . Hydrogen sulphide does not produce a precipitate in acid 
solutions of manganous salts, even in the case of weak acids, such 
as acetic, formic, monochloroacetic, ancL succinic acids. No preci- 
pitate or, at most, a very incomplete one, is also produced in neutral 
solutions. 
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5. Ammonium sulphide precipitates from neutral and alkaline 
solutions, and hydrogen sulphide from alkaline solutions, the whole of 
the manganese ion as hydrated rmnganous sulphide, MnS.HgO, which 
appears yellowish-white when present in small quantity, and pale 
jlesh-coloured in larger quantities, becoming dark hrown on exposure 
to the air through absorption of oxygon ; it is insoluble in ammonium 
sulphide and alkali hydroxide solutions, but dissolves readily in 
hydrochloric, nitric, and acetic acids. The separation of the ])reci- 
pitate, which is colloidal at first, is considerably })romoted by the 
addition of a moderate quantity of ammonium chloride. It only 
separates from verv^lilute solutions after they have been allowed to 
stand for some time in a warm ])lac<‘. The precipitation is retarded 
by ammonium oxalat<‘. and tartrate, and es])(‘cially by ammonium 
citrate, wliich last also affects the comph'teness of the separation. If 
ammonia and ammonium chloride an* jiresent in considerable excess, 
th(^ flesh-coloured hydrated preci])itat(‘ is converted rapidly on boiling, 
but sometimes even in the cold, into the green crystalline manganous 
sulphide, ‘lMiuS.2Il2(J, which contains less water. Ammonium 
chloride influences or ]>revents this conversion. The presence of 
much free ammonia has an influence on the jirecipitation of man- 
ganous sulphide by ammonium sulphide (it may entirely prevent the 
precipitation by yellow ammonium sulphide containing poly sulphides) 
(Classen, Zeilseh. anal, Chem., 8 , 370). Solutions which contain much 
free ammonia must, therefore, first be neutralised with hydrochloric 
acid before adding the ammonium .sulphide. 

6. Potassium and sodium hydroxide produce ^vkitish precipitates 
of nuinyanous hydroxide, which on contact with the air become 
brownish and finally dark hrovm, owing to the manganous hydroxide 
absorbing oxygen from the atmosjihere, and being converted into 
manganous manganic hydroxide and hydrated dioxide. Ammonia 
also })rccipitates manganous hydroxide, but the precipitate contains 
only about half of the manganous ion jiresent {ef. the analogous be- 
haviour of magnesium ion, pp. 34 and 149, and of zinc ion, Sec. 57, 8). 
Ammonia and ammonium carbonate solution do not dissolve man- 
ganous hydroxide. Ammonium- chloride, however, when added in 
sufficient ((uantity, completely prevents the precipitation of manganous 
salts from their solutions by means of ammonia, and partly prevents 
the precipitation by potassium or sodium hydroxide. In the case of 
precipitates already formed,* only those portions which have not yet 
been oxidised into a higher state of oxidation are dissolved by 
ammonium chloride solution. Ammoniacal solutions of divalent 

15 



226 BEHAVIOUR OF SUBSTANCES TO REACENTS ch. ii 


manganese become brown on exposure to the air, and yield a deposit 
of dark brown manganous manganic hydroxide. Even in the presence 
of ammonium chloride, solutions of manganous salts which have been 
treated with ammonia become turbid on exposure to the air, owing 
to the separation ,of higher manganous oxides. If, however, the 
solution is first treated with hydroxylamine hydrochloridd (or a 
hydrazine salt) this oxidation is prevented, and the liqpid remains 
clear (Elber, Zcitsch. anal. Chem., 47, 671). Manganous manganic 
hydroxide is soluble in a solution of potassium hydrogen oxalate, 
forming a fine red solution containing a complex manganese oxalate 
ion.i ^ 

7. On treating a solution of a manganous salt with potassium or 
sodium hydroxide or ammonia arid adding a solution of bromine or 
hydrogen peroxide, the whole of the manganese separates as hrownish- 
hlacl' hydrated manganese dioxule, with a composition a})proximating 
Mn()(OH) 2 . The se[)aration is promoted by heat. Solutions of 
manganous salts which have been treated with sodium acetate also 
give a prcci[)itate when heated with bromine. 

Sodium peroxide acts in the same way. Persulphates, e,g, ammo- 
nium persulphate, give no ])recipitate in the cold, but on boiling the 
solution hydrated manganese dioxide is ])recipitated. In the 
presence of a small ainount oj a silver salt oxidation to permanganate 
takes place, so that a violet coloration instead of a ])recipitate is 
produced. In making this test only a very minute quantity of silver 
salt must be used, very little free acid must be present, and it is 
best to allow the liquid to stand at a moderate temperature. In 
this form the reaction is very sensitive. If too much silver salt or too 
much nitric acid is present a brown coloration due to silver peroxide 
is produced, but this disappears on boiling the liquid. If much 
manganese is present a permanent precipitate of manganese dioxide 
is obtained, in addition to the red coloration (Marshall, Zeitsch. anal. 
Chem., 43, 418). 

Notes to 6 and 7 : Non-volatile organic acids may afi'ect or even 
prevent the precipitation of hydrated manganous hydroxide or 
manganese dioxide. Sugar influences or prevents the ])recipitation 
of the manganese as manganous hydroxide, but not as hydrated 
manganese dioxide. 

8. Ammonium carbonate give.s a white preci[)itate of manganeae 
carbonate, MnCOs-f H 2 O. The precipitation is complete after some 

^ This reaction has been recommended by Sacher for the fletoction of very 
^mall quantities of mani'anese (Chem. Zeil., 39, 319). 
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time, even in the presence of ammonium chloride. Potassium or 
sodium carbonate produces a white precipitate, which, according to 
the conditions, is hydrated manganous carbonate, manganous 
hydroxide, or a mixture of the two. In the freshly precipitated 
condition it is soluble in ammonium chloride sohition ; it does not 
dissolve in excess of the precipitant. 

Guanidwe carbonate behaves in the same way as ammonium 
ca|;]^onate (Grossmann and Schiick, Chem. Zeil., 30 , 1205). 

Note : Non-volatile orfjanic acids influence or prevent the pro- 
duction of precipitates by potassium or sodium carbonate, and retard 
but do not prevent Jhe preci])itation by ammonium carbonate. 

9. Barium carbonate does not precipitate manganous ion from 
aqueous solutions when digested with them in the cold. The only 
exception to the rule is manganous sulphate. 

10. Po(assiu7n cijanide produces a brownish-yellow precijjitate of 
mavf/anous cyanide, Mn(('N) 2 , which turns brown in the air ; it is 
soluble in excess of ])otassium cyanide solution, forming a yellow 
solution which contains the manganese in the form of manganous 
cyanide ion, Mn(CN)^'"( 5 . This ion is only stable in the presence of 
a considerable excess of ]}ota8sium cyanide. When diluted the liquid 
becomes green owing to the formation of the ion Mn(('N);j. On 
boiling the diluted yellow solution the manganous cyanide ion is 
decomposed, manganous hydroxide being separated : 

Mn(0Nr'6-f2H2O=6CN'-b2H'-l Mn(OII )2 

Ammonium sulphide does not precipitate manganous sulphide in 
the presence of a large excess of potassium cyanide, but the precipi- 
tate is produced on heating the diluted solution. 

11. Potassium ferrocyanide produces a white precipitate of man- 
ganous ferrocyanide, Mn 2 Fe(CN)fi, which dissolves with difficulty in 
hydrochloric acid. The precipitation also takes place from a freshly 
prepared ammoniacal solution of a manganous salt which has been 
treated with tartaric acid. (Distinction from ferric ion, L. Blum.) 

12. Potassium ferricyanide produces a brown precipitate of 
manganous ferricyanide, Mii 3 [Fe(CN)(j] 2 , which is only slightly 
soluble in strong hydrochloric acid and insoluble in ammonia solution. 
When boiled with a large excess of concentrated hydrochloric acid 
the precipitate is decomposed and dissolves. 

13. When a small quantity of a solution of a manganous salt 
free from, chloride is dropped on to lead peroxide, dilute nitric acid 
free from chloride added, and the mixture boiled and allowed to 
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settle, the liquid becomes deep red, owing to the formation of perman- 
ganate ion (Hoppe-Seylcr '). 

14. Potassium hromate produces, even in the cold, a violet colora- 
tion in a sulphuric acid solution of a manganous salt. Potassium 
chlorate and iodate do not give the reaction (Vitali, Chem. Zenlralbl, 
1898, IL, 942). 

Potassium chlorate produces a precipitate of hydrated manganese 
dioxide on boiling a nibic acid solution of a manganous salt, 

15. Potassium periodate produces immediately in solutions of 
manganous salts a dark red precipitate, or, in the case of very dilute 
solutions, only a red coloration. The precipitate is j)robably a man- 
ganous periodate. It is dissolved by hydrochloric acid, with the 
liberation of chlorine. Sodium hydroxide converts it immediately, 
and ammonia after some time, into black hydrated manganese 
dioxide. The reaction, which is very sensitive, is promoted by heat. 

16. When a manganese compound is dissolved in fuming hydro- 
chloric acid, and one or two drops of strong nitric acid or a small amount 
of a nitrate, chlorate, hypochlorite, chromate, or lead peroxide added, the 
solution, on heating, shows a greenish-black coloration, which dis- 
appears on continuing the heating, or on diluting the liquid. It 
depends upon the formation of manganese tetrachloride., ]\InCl 4 . 
Perchlorates, bromates, bromine, sodium peroxide, persulphates, 
red lead, and nitrites do not give the reaction (De Koninck, 
Zeitsch. anal. Chem., 43 , 418). 

17. A solution of tctramethyldiatninodiphcnylmethane in twenty 
times its quantity of 10 per cent, acetic acid gives a blue coloration 
with manganese dioxide. The reaction is very sensitive (Trillat, 
Chem. Zentralhl., 1903, II., 68). The author uses the reaction to 
detect very small amounts of manganese in plant ash. The substance 
is ignited with a little alkali hydroxide, and the ash heated with 
sodium hydroxide and then treated with the reagent and with a 
little water, acidified with acetic acid ; on heating the mixture the 
blue coloration appears. 

^ The lead peroxide must first be te.stod as to its freedom from manganese 
by evaporating it with sulphuric acid and boiling the residue with nitric acid. 
On this reaction Pichard {Compt. raid., 126, boO ; Zatich. anal. Chem., 44, 449) 
bases a method of detecting manganese in soils, etc. A mixture of 0 6 grm. of 
the ignited substance, or its ash, with 2 parts of sodium carbonate is fused at not 
too high a temperature, the resulting njass dissolved in water containing a little 
nitric acid, the solution added to 0'6 gim. of red lead or brown lead peroxide, 
and the mixture treated with 4 c.c. of water and 2 c.c. of jiure nitric acid. On 
boiling the mixture and allowing it to settle a pink coloration is obtained in the 
^presence of manganous ion. 
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18. When a manganese compound is treated with phosphoric acid 
and the mixture evaporated to the consistency of syrup, and then 
more strongly lieated (after the addition of a little potassium nitrate 
if a manganous salt is present) a violet mass (semi-liquid when hot 
and solid when cold), due to the formation of manganic phosphate, is 
obtainrxl. "J’he reaction is very sensitive. 

19. When any finely powdered manganese compound is fused 
wi|h 2 to 3 parts of sodium carbonate on platinum wire, platinum 
foil, or the lid of a platinum crucible in the outer gas or blowpipe 
flame, sodium manganaic, Na 2 Mn() 4 , is formed, and causes the sub- 
stance to appear grecu while hot and bluish-green on cooling, in which 
process it also becomes opaque. This reaction enables the smallest 
amount of manganese to be detected. It also succeeds very well 
with sodium peroxide (Hcmpel). 

20. Borax and alkali phosphate dissolve manganese compounds 
in tlie outer oxidising gas llanie, forming transparent vioH-red beads, 
which on cooling appear amethijst coloured, and lose their coloration 
in the inner fiame, owing to the reduction of the manganic compound 
to a manganous compound. The borax glass apiiears black when a 
large amount of manganic oxide is present, but the phosphate glass 
never loses its transparency. It is also more easily discoloured than 
the borax glass in the inner flame. 

21. Calcium carbonate shows a buish-green fluorescence after 
contact with a hydrogen flame. But if a trace of a manganese solu- 
tion is applied to the calcium carbonate, the luminescence will then 
be deep yellow (Donau, Monalsh. Ghem., 34, 949 ; Ghem. Zeniralbl.y 
1913, II., 934). 

22. With regard to the absorption spectra of manganese compounds 
of different stages of valency, refenmee may lie made to the com- 
munications of W. Jaeschke and J. Meyer (Zeitsch. phgs, Ghem., 83, 
281 ; (hem. Zentralbl., 1913, II., ]2()). 

23. Bor the microchemical (ktcction of manganese, see Ilaushofer, 
Mikroskopmhe Reaktionen, p. 00; Behrcn-Kley, Mikrochemische 
Analyse, 3rd ed., p. 88 ; Schoorl, Zeitsch. anal, i^diem., 48, 227, 230 ; 
M. Wagenaar, Ghem. Zentralbl., 1912, I., 684. 

Sec. 59. 

(c). Nickel, Ni, 68*68. 

1. Nickel is di- and trivalenl, and, in many cases, tetravalent in 
its compounds. Metallic nickel in the compact condition is white, 
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shading into grey, lustrous, hard, and ductiblc. It has a specific 
gravity of about 8’8 and melts at about 1452°. It is not oxidised 
when exposed to the air at the ordinary temperature, but is slowly 
oxidised on ignition ; it is attracted by a magnet, and can itself 
become magnetic. It is slowly dissolved by hot hydrochloric 
and dilute sulphuric acids, with the evolution of hydrogen, and is 
readily soluble in nitric acid. The solutions contain divalent nickel 
(nickelous ion). 

2. Nickel hydroxide is pale green, and does not alter on exposure 
to air. When ignited at a white heat it is converted into amorphous 
green nickelous oxide, NiO (nickel monoxide). Both compounds are 
soluble in hydrochloric, nitric, and siilj)huric acids. 

On the other hand, tlie modification of nickelous oxide which 
crystallises in octahedra is insoluble in acids, but is rendered soluble 
by fusion with potassium hydrogen sulphate. 

Nickelic oxide, Ni 203 (nickel oxide), which contains trivalent 
nickel, is black and dissolves in hydrochloric acid, with the liberation 
of chlorine, to form nickelous chloride. When nickelous hydroxide, 
or the carbonate or nitrate of divalent nickel, is gently ignited, 
greyish-green nickelous oxide containing some nickelic oxide is 
obtained. 

3. The salts of divalent nickel are usually yellow in the anhydrous 
condition, and green when hydrated, and produce pale green solutions. 
They are decolorised on the addition of a certain pro})ortion of a 
solution of a cobalt salt (3Ni : ICo). The soluble neutral salts 
slightly redden litmus (hydrolysis). The salts of volatile acids are, 
as a rule, readily decomposed on ignition, but nickelous sulphate will 
stand gentle ignition. Nickelous chloride is insoluble in ether 
saturated with gaseous hydrogen chloride. (Distinction from cobalt 
and iron ions.) This affords a means of detecting even small amounts 
of nickel in the presence of these metals. Aluminium ion, which 
behaves in the same way as nickel ion, must not be present (Pinerua, 
Chem, Zentralhl., 1897, L, 1177). 

4. Hydrogen sulphide does not form a precipitate in solutions of 
the nickelous salts of strong acids in the presence of free acid, but 
in the absence of free acid a small amount of the nickelous ion 
separates as black hydrated nickelous sulphide, NiS. 

Nickelous acetate solution containing free acetic acid does n6t 
give a precipitate, but in the absence of free acid most of the nickel 
ion is precipitated on continuing the action of the hydrogen 8ul])hide 
fpr some time ; if, however, the solution contains a sufficient quantity 
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of alkali acetate the dissociation is checked, and the whole of the 
nickel ion is precipitated, even in the pre.sence of free acetic acid, 
especially when the liquid is heated during the introduction of the 
hydrogen sulphide. 

Free formic acid and inonochloroacetic acid^ also prevent the 
precipitation ; but if the alkali salts of these acids are present, the 
preci])itation is not prcvimted from a hot solution, unless a large 
aiULOunt of free acid is present. Oallic acid in an exceedingly dilute 
sulphuric acid solution also inhibits the precipitation. 

5. Ammonium sulphide pwduccft in wulml and alkaline solutions^ 
and hydrogen sulp}lide in alkaline solutions, a hkwk preeipitate of 
hydrated niehdous sulphide, NiS, which is not quite insoluble in 
ammonium sul[)liide, especially when free ammonia is present ; 
hence the liquid from which the preci])itate has se])arated usually, 
and in the presence of ammonia, always shows a brownish colora- 
tion, ^ and will tlien yield a slight precipitate of nickelous sulphide 
when neutralised with ac^^tic acid and h(;ated. Ammonium chloride, 
and still mort*. so ammonium acetate, matc^rially promotes the pre- 
cipitation. Nickel is conqiletely precij)itated in the presence of 
ammonium salts, and in the absence of any considerable quantity 
of free ammonia, by ammonium sulphide dec.olorised with sodium 
sulphite (Lecrenier). Nickelous snl[)hide is hardly .soluble in acetic 
acid and di.ssolves with great dithculty in hydrochloric acid. It is 
almost insoluble in boiling dilute hydrochloric acid, but is readily 
soluble in hot nitric acid and aqua reyia. 

The separation of nickelous sulphide doe.s not take place iinmediaUdy, 
especially in the ease of dilute solutions. 'The pre.seuee of ammonia and 
(in precipitations with liydrogen sul]>hide water) of acids retards the 
reaction (Thiel and Ohl, ZrUscli. anorqan. Chem., 61, 396). These authors 
regard the brown coloiation, whiidi is produced on treating a nickel salt 
solution with ammonium sulphide in presenec of ammonia, as being due 
to colloidal nickelous sulphide. This is in accordance with the fact that 
on boiling such brown solutions the nickelous suljihido is precipitated, 
while the solution is decolorised. The retardation of the reaction in the 

^ A similar brown coloration, which may be used for the detection of minute 
traces of nickelous ion, is obtained when a solution of a nickel salt is treated 
with tartaric acid and then with sodium hydroxide until alkaline, and is finally 
saturated with hydrogen aul})hidc. Under those conditions some of the nickelous 
iqn always remains in solution and gives a brown coloration to the filtrate 
Cobalt ion, if not present in very sn^ll proportion, is conij)letely precipitated 
under the same conditions, in the presence of minute quantities, a brown 
coloration is also obtained, but in such cases the cobaltous sulphide may always 
bo precipitated by means of a large amount of sodium hydroxide (Villiers, 
Chem. Zcntrulbl, 1806, 1., 447). 
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j*recipitation of nickelous aulphide is explained by these authors as being 
due to the polymerisation of a readily soluble into a sparingly soluble 
sulphide. A similar cause would also account for the striking fact that the 
precipitation of nickelous sulphide is prevented by rclativf‘ly weak acids, 
but that when once precipitated it is only very slightly soluble (oxidation 
being excluded) in jtrong acids. According to another view, the explana- 
tion of this is that in consequenee of the retardation jihenomena a false 
equilibrium is at first established {cf. Sec. 57, end of 4). 

6. Ammonium tliioacetatc })roci|)itates nickelous sulphide from 
ammoniacal solutions of nickel salts. Sodium ihiomlphate does not 
precipitate nickel ion from acid solutions, and only ])reci])itates it 
partially and after very long boiling, as nickelous sulphide, from 
neutral solutions. 

7. Potassium and sodium hydroxide produce a pale green precipi- 
tate of nichdous hydroxide, Ni(OH) 2 , which is insoluble in excess of 
the precipitant, and does not change on exposure to the air or when 
boiled (even on the addition of hydrogen peroxide, iodine, or alcohol). 
After w^ashing it is soluble in ammonium carbonate solution, forming 
a greenish-blue solution, from wdiich ])otassiiim or sodium hydroxide 
precipitates the nickel ion as an apple-green ])recipitate of nickelous 
hydroxide. 

8. Ammonia, v/hen added in iumdl ])roportion to a solution of 
a nickelous salt, produces a slight greenish lurhidky ; if added in 
greater (piantity it readily dussolces the separated compound, forming 
a blue solution containing a complex nickel ammonia ion, Ni(NH 3 ) ‘4 
or Ni(NH 3 )’ 6 . By adding solid sodium chloride, the chloride of the 
complex ion may be separated as a violet-blue precipitate. Potassium 
or sodium hydroxide precipitates nickelous hydroxide from the 
solution. Solutions which contain ammonium salts or free acids 
are not rendered turbid by the addition of ammonia, owing to the 
repression of the dissociation of the ammonium hydroxide, i.e. 
formation of complexes. 

9. On treating a .solution of a nickelous salt with potassium or 
sodium hydroxide, adding a suflicient quantity of bromine water or 
a solution of sodium hypochlorite, potassium ferricyanide or a per- 
sulphate, but not hydrogen peroxide or iodine (distinction from 
cobaltous ion), and heating the liquid, the whole of the nickel ion is 
precipitated as black nickelic hydroxide'.. The precipitate dissolves on 
the addition of potassium cyanide. Wining potassium nickelocyanide 
{cf 12). The precipitate, after separation from the liquid, is also 
reduced by a mixture of ammonia and ammonium chloride solutions. 



SEC. 59 


NICKEL 


233 


and dissolves as nickelous ammonium hydroxide. The solution takes 
})laco somewhat slowly in the cold, hut rapidly on heating. 

Note on 7 to 9 : The presence of non-volatile organic acids 
and also of sugar prevents or influences the precipitation of the 
hydroxides of di- and tri valent nickel. ^ 

10 . 'Potassium ienocyanide ])recipitates nkheloxis ferrocyanide, 
Ni2Fe(CN)0. from solutions of nickel salts as a greenish- white preci- 
pi^te, which dissolves with difliculty in hydrochloric acid. (With 
regard to an analogous reaction with potassium cobaltocyanide, see 
Sec. GO, 12 , footnote.) 

11. Potassium Ijierricyanide produces a yellowish-hrown precipi- 
tate of nickelous fcrricyanide, Ni3[Fe(CN)0]2, which is sparingly 
soluble in hydrochloric acid. In the presence of ammonium chloride 
or tartaric acid and a large excess of ammonia, there is obtained a 
clear brownish-yellow liquid, becoming pale ye.llow when greatly 
diluted. 

12. Potassium cyanide ])roduces a yreernsh previpitdle of nkkelous 
cyanide, Ni(('N)2, which dissolves readily in an excess of the preci- 
])itant, forming a brownish-yellow solution of potassium nickelo- 
cyanido, KoNill'N)}, which does not become darker on exposure to 
the air. Sulphuric,' and hydrochloric acids re-precipitate nickelous 
cyanide from this solution (only after some time if it is very dilute), 
owing to their decomposing the nickelocyanide anion ; this new 
precipitate is only very sparingly soluble in excess of these acids in 
the cold, but dissolves more easily on boiling. If a current of 

• chlorine is iMroduced into, or bromine is added without heating, to 
a .solution of potassium nickelocyanide which has been rendered alka- 
line with sodium hydroxide, and if necessary kept alkaline by the 
further addition of alkali, the whole of the nichi gradually separates as 
a black precipitate of nickelic hydroxide. (Distinction from cobalt ion.) 

Here the complex nickelocyanogeii ion is decomposed by the 
action of the halogen, and the divalent nickel cation is oxidised in 
alkaline solution into the trivalent condition : 

N;(CN)4K2+4Br2-=NiBr2+2KBr+4CNBr-NiBr2 l-Br-l- 3 NaOH 
=Ni(OH)3-l-3NaBr 

or Ni(CN) 4 -f 9 Br=:Ni*'’-|- 5 Br"-l- 4 CNBr — Ni*'’-|- 30 IB=Ni( 0 H )3 

Since the halogens also react with cyanogen to form cyanogen 
halides, the decom])ositioi^ of thi complex nickelocyanogen ion does 
not lake place until there is no longer any cyanogen ion present. 
Any considerable excess of potassium cyanide is therefore to be 
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avoided (see No. 9, where the converse reaction is in question). 
Ammonium sulphide does not decomi)ose the nickelocyanogen ion, 
and hence does not precipitate nickeloiis sulphide from the potassium 
cyanide solution. (Distinction from zinc and manganese ions.) 

13. PoUissiun\^ thiomrhonaie solution A (K 2 CH 3 ), produces in 
ammoniacal solutions of nickel salts, if concentrated, a deep hrown- 
red coloration, so that the liquid becomes almost opaque,and appears 
nearly black by reflected light. If, however, the nickel solution 
is extremely dilute the liquid becomes yellowish-red on the addition 
of the reagent (C. 0. Braun). The ])roduction of this coloration in 
exceedingly dilute solutions is characteristic of the nickelous ion. 
In the presence of cobalt ion this reaction is completely masked, or 
nearly so, and in the presence of manganese or zinc ion is more a 
less masked. 

14. Barium carbonate does not precipitate nickelous ion in the 
cold from aqueous solutions of its salts, with the. exception of nickel 
sulphate. It is also not precipitated in the presence of bromine. 
(Distinction from cobalt ion.) 

lb. Potassium nitrite does not produce a precipitate even in 
concentrated solutions of nickel salts to which acetic acid has been 
added, (Distinction from cobalt ion.) In the case of concentrated 
solutions of nickel salts which contain alkaline earth ions, or lead 
ion, yellow crystalline precipitates of nickelous potassium calcium 
nitrite, etc., may, however, under certain conditions be obtained ; 
these precipitates are only slightly soluble in cold water even in 
the presence of acetic acid, but dksolve more readily in hot water, 
forming a green solution (Kunze and 0. L. Erdmann). Hence 
the reaction is only a decisive proof of the presence of cobalt ion 
(Sec, 60, 75 ) when ions of the alkaline earths or lead ion are absent. 

16, Saturated ammonium molybdate solution produces in neutral 
or slightly acid solutions of nickel salts, when heated to about 70° 
and shaken, a greenish-white crystalline precipitate, which, as a 
rule, is only formed after .some time. (Distinction from cobalt ion.) 
The reaction is very sensitive and is also suitable for the micro- 
chemical detection of nickel (Pozzi-Escot, Chem. Zentralbl., 1907, 
IL, 1356). 

* To prepare potaseium thioceirbonato, K2CS3, half of an approximately 
5 per cent, solution of potassium hydroxide is saturated with hydrogen sulphide, 
the other half added, and the whole heated at* a moderate temperature with 
^th of its volume of carbon bisulphide. The resulting dark red hquid is 
separated from the undissolved carbon bisulphide and kept in a well-closed 
fl^k. 
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17. Potassium chroumte solution produces a precipitate in cold 
neutral solutions of nickel salts, even when concentrated, although 
only slowly. (Distinction from cohalt ion.) On boiling the liquid, even 
when very dilute, a chocolate brown basic chromdc, NiCr04.2Ni0, 
is precipitated ; this is soluble in acid and ammoiua^^olution (H. Weil, 
Chem. LcntralbL, 1911, 1., 756). 

18. Dim^thylglyoxine produces in amimniacal and acetic acid 
solutions of nickel salts, even when cxtre'tnely dilute, a fine red crystalline 
'precipitate. (Distinction from cobalt, zinc, manganese, iron, and 
chromium ions.) The reagent is (uther added in solid form to the 
strongly ammoniacgLl solution of the nickel salt, and the li(juid 
heated (Tschugajolf i), or the nickelous salt solution is treated with a 
moderate excess of a 1 per cent, alcoholic solution of the reagent and 
then rendered just alkaline (Brunck-). In this case, only a red 
coloration is first produced in very dilute solutions, but even then 
on standing the very cliaracteristic precipitate is formed, hortini ^ 
uses tlic reaction to detect minute (puintities of nickel in metal 
alloys. For this ])urpos<5 a solution of O’o grm. of dimethylglyoxime 
in 5 c.c. of 98 per cent, alcohol and 5 c.c. of ammonia solution (which 
reagent may be kc])t without alteration) is ajiplied to the surface 
of the substance under examination, which has previously been 
freed from grea.se. In the presence of nickel a red coloration is pro- 
duced (sec also Middleton and Miller 4). V. W. Atack^ recommends 
a-benzyldioxiuic, which gives a reddish-yellow precipitate, as a still 
more sensitive reagent. 

19. Dievanodiamidine sulphate (in 10 per cent, aqueous solution) 
produces in ammoniacal solutions of nickel salts, to which sodium 
hydroxide has been added, a crystalline yellow precipitate of nickel 
dicyanodiamidine, (CoH5N40)^Ni+2H20. As a rule the reaction 
does not take place immediately, but is very sensit ive and characteristic. 
If the reagent is added to a solution of a nickelous salt which has 
been treated with a little ammonium chloride and ammonia, and the 
sodium hydroxide then introduced, the blue colour of the solution 
is immediately changed to yellow, and the precipitation follows after 
some time (or a long time in the case of dilute solutions) (H. Gross- 
mann and B. Schiick, C/iem. Zeit., 31, 535 ; Zcitsch. anal. Chem., 47, 
168). 

‘ Ber., 38, 2620 ; Zeitach. anal. Ch^., 47, 162. 

* Zcitach. angew. Chem., 20f 834 and 1844 ; Zeitach. anal. Chem , 47, 163. 

^ Chem. Zcntratbl., 1013, 1., 4(»3. 

* Ibid., 1916, L, 1072. 

® Zeitach. anal. Chem,, 53, 620, 
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The presence of cane sugar does not influence the reaction (Gross- 
mann and Heilborn, Ber., 41, 1878). 

20. A solution of Nitroso-j3-naphthol in 50 per cent acetic 
^acid produces a brown precipitate of niiroso-^-naphthol nickel, 

[CjoH^O(NO)j 2 Ni in solutions of nickelous salts. The precipitate 
is decomposed by hydrochloric and sulphuric acid. Hc'ncc no 
precipitate is produced in hydrochloric acid solution ^(Ilinski and 
Von Knorre, Zeitsch. anal. Chem., 24, 595). ^ 

21. A solution of i.2-Di(iminoanlhraquinone-^-sul]jhonic acid 
(0‘5 grm. in 100 c.c. of concentrated ammonia solution, 310 c.c. of 
water, and 40 c.c. of 35 per cent, sodium hydroxide solution) pro- 
duces a blue precipitate in solutions of nickel salts. Traces of 
ammonia increase the sensitiveness of the reaction, but an excess 
of ammonia changes the colour to red . (Distinction from cobalt ion.) 
(Malatesta and Nola, (7/cm. Zenlralhl., 1914, L, 820.) 

22. A, concentrated solution of naphthenic aci(k in petroleum 
spirit gives a slight green coloration when shaken with a solution 
of a nickel salt. No change is produced in the j/etroleum spirit 
layer by the addition of hydrogen ])eroxide. (Distinction from 
cobalt ion.) (Charitschkoff, Chefti. Zeit., 34, 479.) 

23. Potassium dilhio-oxalate, produces a dark red coloration in 
solutions of nickel salts, even when they are very dilute. The 
colour is destroyed by acids, sodium hydroxide, and potassium 
cyanide (H. 0. Jones and H. S. Tasker, Chem. ZentralbL, 1910, 
I., 608). 

24. Borax and alkali phosphate dissolve nickel compounds in 
the outer flame forming transparent glasses. I’he borax glass is 
violet while hot, and reddish-brown when cold, whilst the alkali 
phosphate glass is red to brownish-red while hot, but on cooling 
becomes yellow or reddish-yellow. 8mull amounts of cobalt mask 
the coloration. The phosphate glass remains unchanged in the 
inner flame, but the borax glass becomes grey and turbid, owing to 
the reduced nickel. On continuing the heating the nickel enters 
into combination without first melting into one granule, and the 
glass becomes colourless. 

25. When reduced on charcoal sticks, as described on p. 88, 
nickel compounds yield white malleable lustrous metallic particles 
(separated by powdering the charcoal), which group themselves in 
the form of a brush upon the point of a magnetised knife. Treated 
with nitric acid they give a green solution, which may be subjected 
to further tests. 

r 
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26. The halogen compounds of nickel when introduced on platinum 
wire into a Bunsen flame produce a reddish, very transitory flame 
coloration. 

27. For the mkro-ohemical detection of nickel, see Haushofer, 
Mikroskojmche Reakhonen, p. 63 ; Behrens-Kle^ Mikrochemische 
Analyst, 3rd ed., p. 78; Schoorl, Zeitsch. anal. Chem., 48, 213; 
Pozzi-Escot^CTm. ZeniralU., 1907, 11., 484 and 1356 ; 1911, L, 840. 

• 

Sec. 60. 

(d) Cobalt, Co, !58'97. 

• 

1 . Cohalt is divalent, trivalent, and, in many cases, tetravalent in 
its compounds. Its specific {.gravity is about 8 ’ 6 . Metallic cobalt 
which has been fused is steel-grey, fairly hard, readily polished, 
melts with difficulty (melting-point 1489’), and magnetic. It is not 
oxidisi'd on exposure to the air at tlie ordinary temperature (pulveru- 
lent cobalt obtained by reducing the oxides, e.ff. in a current of 
hydrogen, docs not scintillate in the air), but is oxidised on ignition. 
It behaves like nickel towards acids, yielding solutions containing 
divalent cobalt. 

2 . Cohaltous oxide, CoO (cobalt protoxide), is a light brown, 
and cohaltous hydroxide, Co(OH) 2 , a pale red powder. Both are easily 
soluble in hydrochloric, nitric, and sulphuric acids. Cohallk oxide, 
C 02 O 3 (cobalt sesquioxide), is brownish-black ; it is soluble in 
hydrochloric acid, with the evolution of chlorine, forming cohaltous 
chloride (protochloride). 

3. Cohaltous salts containing water of crystallisation are red, 
whilst the anhydrous salts are usually blue. Their solutions, if not 
too concentrated, apj)ear pink, the colour being perceptible in very 
dilute solutions. The .soluble neutral salts redden litmus slightly, 
owing to hydrolysis. As a rule, the salts of volatile acids are readily 
decomposed on ignition, and only cohaltous sul])hate will stand 
moderate ignition. On evaporating a solution of cohaltous chloride, 
the red colour changes to blue towards the end of the process, whilst 
a rod solution is again obtained on the addition of water. This 
change of colour, which also takes ])lacc in the ca.se of other cohaltous 
compounds, is attributed by Ostwald to the cohaltous ion being 
pink and the undissociated cohaltous salt blue. According to 
Donnan and Basset the cebalt cation is red ; the blue coloration is 
attributed by these authors to a complex anion. Cod's or CoCr' 4 . 

4. Hydrogen sulphide does not produce a precipitate in tlie 
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solutions of cobaltous salts, if they contain free acids ; when they 
are neutral a portion of the cobalt is gradually precipitated as black 
hydrated cobaltous sulphide. Cobaltous acetate is not precipitated 
to any appreciable extent in the presence of free acetic acid, but 
in the absence of free acid is precipitated completely or almost 
completely. But if the solution contains alkali acetate in sufficient 
quantity, the dissociation of the acetic acid is so checked that, even 
in the presence of free acid, the whole of the cobalt is precipitated, 
especially when the liquid is heated during the introduction of the 
hydrogen sulphide. Free formic acid and monochloroacetic acid 
also prevent the precipitation. If, however, alkali salts of these 
acids are present, the precipitation from a hot solution is only pre- 
vented when a large quantity of acid is present. 

5. Ammonium sulphide, added to neutral and alkaline solutions, 
and hydrogen sulphide to alkaline solulio)is, precipitates the ivhole 
of the cobaltous ion as black hijd rated cobaltous sulphide, Ammo- 
nium chloride materially promotes the precipitation. Cobaltous 
sulphide is insoluble in alkali and ammonium suI|)hi(lo solutions, ^ 
slightly soluble in acetic acid, and hardly soluble or, if preci})itated 
from a boiling solution, nearly insoluble in hydrochloric acid. Nitric 
acid and aqua reqia dissolve cobaltous sulphide on Inuxting. For 
the explanation of the behaviour of cobaltous sulphide towards acids, 
reference may be made to what has been said about the analogous 
behaviour of nickel sulphide (Sec. 50, 5). 

6. Ammonium thioacetate precipitates cobaltous sulphide from 
ammoniacal solutions of cobaltous salts. Sodium thiosulphate does 
not produce a precipitate in acid solutions, and only an incomplete 
one in neutral solutions after very long boiling ; the precipitate 
then formed is cobaltous sulphide. 

7. Potassium and sodium hydroxide produce in solutions of 
cobaltous salts when sufficiently dilute precipitates of basic cobaltous 
salts, insoluble in excess of the precipitant. On exposure to the air 
these become dirty green and subsequently grey -green, owing to the 
absorption of oxygen ; when boiled (or even on standing in the cold 
in presence of a sufficient excess of alkali) they are usually trans- 
formed into pale red cobaltous hydroxide, containing alkali, and 
usually showing a doubtful colour owing to the formation of cobaltic 
hydroxide. If alcohol is added prior to the boiling, the precipitate 
is rapidly converted into dark brown cobahic hydroxide. Ammonium 
chloride, when present in sufficient quantity, prevents the precipita- 

, * 6'/., however, the footnote on p. 231 
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tion of cobalt by alkali hydroxide. Ammonium carbonate solution 
completely dissolves the precipitated basic cobaltous salts or cobaltous 
hydroxide when washed, yielding intense violet-red solutions, in 
which the addition of a larger quantity of potassium or sodium 
hydroxide will produce blue precipitates, while .,the liquids still 
remain Violet. 

If, however, an excess of a concentrated solution of ])ota8sium 
hydroxide is added to a solution of a cobaltous salt, or cobaltous 
hydroxide is heated with a little water and a fragment of sodium 
hydroxide, the cobaltous hydroxide will dissolve as such, forming a 
blue solution (Donath, Zeitsch. anal. Chem., 40, 137). Insoluble 
cobalt minerals, or metallic cobalt, also give a blue coloration when 
heated with concentrated alkali solution after roasting. 

8. Ammonia produces the same frcci'fnlaic a.s potassium hydroxide, 
which, how(^ver, is soluble (with the exception of a slight green 
flocculent residue) in an excess of the precipitant, forming a brownish- 
yellow solution, which becomes browmsh-red on exposure to the 
air through the absor|)tion of oxygcui, and from which part of the 
cobalt ion is precipitated as a blue basic salt on the addition of 
potassium or sodium h)^droxide. In the case of solutions which 
contain ammonium salts or free acids, no precijnlate is obtained on 
the addition of ammonia. The ammoniacal solution contains the 
cobalt in the form of a complex ammonia compound. In this pro- 
cess oxidation is caused by the atmospheric oxygen, so that the 
cobalt is converted more or less conqiletely into the tri valent form. 

9. When a solution of a cobaltous salt is treated with potassium 
or sodium hydroxide and then with bromine water, sodium hypo- 
chlorite solution, a persulphate, hydrogen peroxide, barium per- 
oxide or iodine, or when a sulliciently dilute cobaltous salt 
solution is boiled with SOdium peroxide, the whole of the cohalt 
separates as brownish -black cobalUc hydroxide. '^ITiis precipitate does 
not re-dissolve either in a mi.xture of ammonia and eimmonium 
chloride solutions, or in ])otassium cyanide solution. If, however, 
a considerable quantity of nickelic hydroxide, is also present, the 
potassium cyanide solution dissolves the cobaltic hydroxide as well 
as the nickelic hydroxide. The above-mentioned oxidising agents 
(with the exception of sodium jieroxide) do not produce a precipitate 
in ammoniacal solutions. 

If a solution of a cobaltous sSt is treated with sodium hydroyen 
carbonate in excess, and then with hydroyen peroxide, a green solution 
is obtained, which contains a compound of trivaleut cobalt not ye^ 
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isolated (method of detecting cobalt ion in presence of nickel ion, 
Durrant, Chem News, 73, 228 ; Chem. ZentralbL, 1896, II., 634). 
For this purpose Jaworowsky (Chem. ZentralhL, 1898, I., 144) 
recommends a method in which the solution of the cobaltous salt is 
neutralised with sodium carbonate, then treated with crystalline 
sodium pyrophosphate until the precipitate first formed is re-diJsolved, 
the liquid filtered from the undissolved pyrophosphate, and the 
filtrate treated with sodium carbonate and bromine water, an exc*ess 
of the latter being avoided. 

Notes to 7-9 : The presence of non-volatile organic acids or of 
sugar influences or prevents the precipitation of cobalt as hydroxide 
in di- or trivalent form, owing to the formation of com])Icx anions. ^ 
In like manner, glycerin forms a complex anion with cobalt, so that 
alkali hydroxides do not produce a ])recipitate in such solutions, but 
only a deep blue coloration. This becomes green through oxidation 
on exposure to the air, and more rapidly on the addition of hydrogen 
peroxide. If a solution of a cobaltous sah to which glycerin has 
been added is covered with a few drops of ammoma solution, the 
amrnoniacal layer becomes intense lemon-yellow in colour. (Dis- 
tinction from nickel ion.) (Ditz, fV/cw. Zeit., 25, 109.) 

10. Potassium ferrocyanide produces in cobalt solutions a green 
precipitate of cobaltous ferrocyamde, Co 2 Fe((lN) 0 , which dissolves 
with dilliculty in hydrochloric acid. 

11. Potassium ferricyanide produces a brownish-red precipitate 
of cobaltous ferricyavide, ('o 3 [Ke(CN) 0 j. 2 , which is only very slightly 
soluble in hydrochloric acid. If the solution of the cobaltous salt 
is treated with tartaric acid or ammonium chloride and then with 
ammonia in excess, so that a clear strovyly ammomacal solution is 
obtained, and potassium f(Tric,yanide then added, a dark yellowish- 
red liquid is produced in the case of concentrated solutions, and the 
coloration may still be recognised even in great dilution (Skey-Gintl). 
This is a sensitive reaction, and is particularly suitable for the 
detection of cobalt ion in the presence of nickel ion. 

12. On adding potassium cyanide to a cobaltous salt solution a 
brownish-white precipitate of cobaltous cyanide (cobalt protocyanide), 
Co(CN) 2 , is produced ; tliis is readily soluble in excess of potassium 
cyanide solution, the complex anion of potassium cobaltocyanidc 
being formed. 2 Acids preeijutate cobaltous cyanide, Co(CN) 2 , from 

1 Vide, infra, 19. 

2 If the precipitation with potassium cyanide is made with complete 
exclusion of air (in a solution of thorougldy boiled water or by means of the 
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this solution. //, howcccr, the solution is boiled with excess of 'potassium 
cyanide and in the presence of free hydrocyanic acid (liberated by the 
addition of one or two drops of hydroeliloric acid), then treated with 
potassium cr sodium hydroxide, and a current of chlorine conducted 
into it, without heating, or bromine water is jylded, tlic anion 
potassium eob<dticyanid<\ K 3 Co(CN)( 5 , is formed, and tRc solution of 
this salt docs not give a precipitate with acids. (Important distinc- 
tion from nickel ion.) If potassium nitrite and acetic acid are added 
to the still unaltered solutions of potassium c<)baltocyanide, the 
liquid assumes a blood-red, or if very dilute, only a pink colour’, 
owing to the formation of ions of a potassium cobalt nitroc.yanide, 
K 4 ('o 2 (<-'N) 9 N( )2,3n2( ). On shaking a solution of jiotassium cobalto- 
cyanidc with sodium hydroxide, it absorbs oxvgen and becomes 
brown (0. J). Jh'aiin), and when treated with yellow ammonium 
sulphide it Ix'couKis blood-red (Tattersall and Papasogli). The latter 
reactions sharply distinguish cobalt ion from nickel ion. 

13. Potassium thiocarbonate solution (cf Sec. 59, 13) gives a 
deep brown to blach coloration with (‘.oncentrated solutions of cobaltous 
salts, and a yellowish coloration with very dilute solutions. 

H. Barium carbonate behaves towards solutions of cobaltous 
salts in 1 Ik^ same way as towards solutions of nickelous salts. Black 
cobaltic hydroxid(‘, how(‘ver, is preci[)itatcd by barium carbonate 
after the. addition of bromine. (I)i.stinction from nickel ion.) 

15. On adding potassium nitrite in not too large excess to a 
neutral or slightly aeifl solution of a cobalt.oiis salt, then acetic acid 
until the reaction is strongly acid, and allowing the mixture to stand 
in a inotlerately warm [)laco, the whole of the cobalt ion separates (very 
rapidly from concentrat(‘d solution and after .some time from dilute 
solutions) in the form of a hriyht yellow crystalline precipitate of potas- 
sium cobalt i nit rite, 2K3[Oo(N()2)o]+3)l20 (Fische.r's salt) (Fischer- 
ytromeyei). The prcci])itate dissolves to a considerable extent in 
j)ure water, but is only slightly soluble, in concmitrated solutions of 
potassium salts and in alcohol, and is in.soluble in the presence of 
potassium nitrite. When boiled with water it dissolves to a small 
extent, forming a red solution, which remains clear when cold and 
from which alkalis precipitate cobaltous hydroxide. This is a 
particularly good reaction, and is well suited for the distinction and 

introduction of sulphur dioxide) the precipitate will bo intense red. Its solution 
in excess of potassium cyanide lolutioif gives an orange-red precipitate with a 
solution of zinc sulphati' containing sulphur dioxide, a yellow jirecipitate with 
nickel sulphate solution, and a red precipitate with cobaltous sulphate solution 
(B. Pinonia Alvare'', Chem. Zeit., 1910, H, 189). 


16 
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separation of nickel ion from cobalt ion. It should be noted that it 
is advisable to use as small a volume of liquid as possible, i.e. to use 
conceTitrated solutions and reagents (c/!, however, Sec. 59, 15). 

16. Potassium thiocyanate in concentrated solution forms a 
deep blue liquid (\v'hich solidifies in crystalline form) with concentrated 
solutions of co[)altous salts, (.’obaltous thiocyanate is, readily 
soluble in alcohol (Schoiin, Ze it sell. mud. Ohem., 9, 210). The reaction 
also takes j)lace in dilute solutions, when the liquid is shaken with 
ether-alcohol or, better, a mixture of ether and amyl-alcohol (Vogel, 
Ber., 12, 231 1) ; the layer of (ither and alcohol is then coloured blue 
(N. Rusting. Vhem. Zentnd.. 1899, 1., 709). (Concentrated solutions 
of nickel salts free from cobalt ion impart a greenish coloration to 
the amyl-alcohol.) Ferric ion inferfercs with the reaction, but may 
be removed by shaking its thiocyanate with ether alone, or reduced 
to a colourless condition by adding solid thiosulphate to the solution 
after treatment with ])otassium thiocyanate, filtering the liquid, and 
shaking the filtrate with ether-alcohol (Wefers-Bettink, Chem. 
ZenimlhL, 1899, L, 904). The disturbing influence of ferric ion may 
also be eliminated by the addition of sodium carbonate solution, 
which decomposes ferric thiocyanate, but does not attack cobaltous 
thiocyanate, or by the addition of ])otassium sodium tartrate solution, 
which prevents the iron from reacting (Vogel, loc. cit. ; Treadwell, 
Zeiisch. anorgan. Chem., 26, 108). 

17. FoUmium chromale solution ))roduces in neutral solutions 
of cobalt salts, even in thci cold (on boiling in the case of very dilute 
solutions), a brownish-red preci[)itato of Fo(X) 4 .Co 0 .il 2 U, which 
is soluble in acids and in ammonia solution. This is a very sensitive 
reaction (H. Weil, ('licm. Zeniralhl., 1911, 1., 750). 

18. Nitroso-)3-naphthol produces a voluminous purple-red pre- 
cipitate of cohalti-nitroso-^-naphthol, [(holl« 0 (NO)] 3 Co, in solutions 
of cobaltous salts. The solution to be tested for cobalt is acidified 
with hydrochloric acid, treated with an equal volume of alcohol, and 
warmed. A freshly prepared solution of a-nitroso-jS-naphthol in 
50 per cent, acetic acid is then added in sufficient excess (in order to 
insure the oxidation of the cobalt ion into the trivalent condition), 
and the liquid heated to boiling point. In the presence of cobalt 
ion the fine p^irple-red precipitate is immediately produced ; but if 
only traces are present the compound remains in solution, and only 
a red coloration is produced. In'this c?.se, however, even when the 
solution is extremely dilute, a precipitate may still be obtained when 
the acidified solution to be tested for cobalt ion is treated with an 
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aqueous solution of a-nitroso-j8-iia])litliol, and then heated. The 
solution obtained by treating a-nitroso-j8-naphthol contains only 
1 part in 5000 parts. Hence, an aqueous solution cannot be used for 
the separation of any considerable (piantity of cobalt ion. This is 
a very sensitive and charac-tiu’istic reaction, whi<*Jf, applied in this 
manner^ cannot lead to any niistalvi'. (Distinction from nickel ion.) 
(M. llinski, Ckem. Zat., 10, 1421.) Th(‘. red (•obaltic, compound is 

excicdingly stable towaids acids, alkalis, and oxidising and reducing 
agents. When heated with ammonium sulphide., however, it yields 
cobaltous sulphide (llinski and von Knorre, Zdheh. anal. Chem., 
24 , 505). 

F. W. Ataek ' renders the r(‘aeti(>n partieiilarly sensitive. He dissolves 
O'l grin, of r4-nitro.so-^-naphthol in 20 e e. of boiling water, to which 
1 e.e. of dilute sodium hydroxide solution is added, lilters the liquid and 
dihiti'S tlu' filtrate to 200 e.e. By means of this stable reagent as little as 
O’OOl mgrni. of cobalt in 1 e.e. of watm- may be dideittod. The neutral 
or slightly alkaline solution is treated witli 1 e.e. of ammonium chloride 
solution and 1 e.e. of the reagimt ; a stable red coloration is produced, even 
after acidification with sulphuric acid, in the presemr of cobalt ion. 

10, Dimethylglyoxime docs jiroducc a jirecipitatc in ammo- 
niacal solutions of cobaltous salts. (Distinct ion from nickel ’on.) The 
solution containing the diincthylgl) oxime and cobalt salt becomes 
wine-red on the addition of hydrogim sulphide or alkali sulphide 
(Kraut, Zcilscli. a7}()cn\ Chem., 19, 1703). 

20. Dicjjanodiattiidinc salphatc do(‘s na( jiroduce a precipitate in 
ammoniacal solutions of cobalt salts on the addition of sodium 
hydroxide. (Distinction from nickel ion ) 'bhe addition of a 
suflicient quantity of cane sugar to the solution beforehand prevents 
any po.ssibility of the sejiaration of cobaltous hydroxide. This is 
due to the formation of a complex ion. The latter produces an intense 
red coloration, which may also be used for the detection of minute 
quantities of cobalt ion in the presence of a large, amount of nickel 
ion, since it may be seen very distinctly after the precipitation of the 
latter with dicyanodiamidine suljihate ((Trossmann and Heilborii, 
Ber., 41, 1878 ; Chnn. Zcniralhl, 1908, 11., 199 and 1909, II., 932). 

21. T)iamino-ant/ira(}uirio)ie sidphonic acid (see Sec. 59, 21) 
produces a blue preci[)itate or blue coloration in solutions of cobalt 
salts. 3'he addition of ammonia increases the sensitiveness and 
docs not change the colour. 1(Di.stinction from nickel ion.) Ammo- 
nium chloride also ])roduces no alteration in the colour. (Distinction 

^ Che7n. Zentralbl., 1916, II., 491. 
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from copper ion.) (Malatesta and Nola, Chnn. Zeritralhl., 1914, L, 
820.) 

22. A solution of naphthenic acids in petroleum spirit becomes 
red when shaken with a solution of a cobaltous salt. On adding 
hydrogen pe’oxiVle to the petroleum spirit solution, the colour of 
the latter changes to greenish-brown (Charitschkolf, Chon. Zcil., 34, 
479). 

23. Fotassiani^ dithio-ojalate produces in solutions of (-obalt 
salts, even when very dilute, a dark reddish-brown coloration, which 
is much more stable towards acids and jiotassium cyanide than the 
corresponding nicki'l coloiation, so that it atlord ’ a means of detecting 
cobalt ion in the presence of nickel ion (11. 0. .lones and if. »S. Tasker, 
Chem. Zcntmlbi, 1910, 1., 008). 

24. Borax di^'tsolves cobalt compounds in the inner and outer fame, 
forming transparent hrujhl blue (violet by candlelight) ijlasses. This 
reaction is both characteristic and sensitive. 

25. When reduced on charcoal sticks, as described on p. 88, cobalt 
compounds show a similar behaviour to that of nickel compounds. 
The resulting solution is red. 

2G. For the nncrochemical detection of cobalt, see Jdaushofer, 
Mikroskopische. Reaktwnen, }>. 03 ; Bidirens-Kley, Mikrochemische 
Analyse, 3rd ed., p. 75; Schooii, Zeitsch. anal. Chem., 48, 211; 
Kichter, Chem. Zentralbl., 1901, 1., 1340; Fozzi-Escot, Chem. 
Zentralbl., 1907, 11., 484 ; 1909, 11., 050 ; 1911, 1., 840. 


Sec. 01. 

(e) Iron, Fe, 55*84. 

(a) Ferrous ion, Fe-. 

1. Iron is present in its compounds in the divalent (ferrous salts), 
trivalent (ferric salts), and heuaialent (ferrates) condition. The latter 
compounds, in wliich the iron is present in the anion FeU" 4 , not 
very stable. On the other hand, the two series of compounds of 
divalent and trivalent iron are important. They difl'er in very 
many of their reactions. Divalent iron is converted by oxidising 
agents into trivalent iron. Keducing agents cause ferrous 
compounds, i.e. those of diva[ 9 nt iron, to be formed from ferric 
compounds. 

Metallic iron in the pure condition is whitish-grey, has a specific 
gravity of about 7 '8, and is lustrous, hard, and ductile, is very difficult 
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to melt (melting-])oint about 1550"^), and is attracted by a magnet. 
(The metals described in everyday life by the collective name of 
“ iron ” invariably contain carbon, sometimes chemically combined 
as carbide (l^'e3C, cementite), and sometimes also in the free con- 
dition as graphite. Their colour is more or less igrey. They also 
invariably contain other elements, some of which, even in small 
quantities, have a considerable influeneci on the physical ])roperties.) 
Wl^pn exposed to the action of air and moisture iron becomes 
covered with a layer of rust (ferric hydroxide), and upon ignition in 
the air it becomes coated with black ferrous ferric hydroxide. 

Hydrochloric and dilute sulphuric acids dissolve iron with the 
evolution of hydrogen. If the iron contains carbide the hydrogen 
will contain hydrocarbons. These solutions contain ferrous ion, Fe”. 
Dilute nitric acid dissolves iron to an cxt(mt depending upon the 
degree of dilution and the tem})etature, either without the evolution 
of gas but with the formation of ammonia ion while ferrous nitrate, 
Fe(N03)o, is produced, or \vith the simultaneous evolution of nitrous 
and nitrh; oxides and production of ferric nitrate, FedNO;})^. In the 
case of iron cont/aiiiing carbide some carbon dioxide is also evolved, 
whilst when graphite is present it will remain undissolved, together 
with a humus-like substance, which is soluble in alkali solutions. 

2. Ferrous oxide, FeO (iron protoxide), is black, whilst its 
hydroxide, Fc(Oll)o, is white, but in the moist condition the latter 
absorbs oxygen and raj)idly becomes grey-green and finally brownish- 
red. Doth oxide and hydroxide are readily soluble in hydrochloric, 
sulphuric, and nitric acids. 

3. The salts of divalent iron (ferrous salts) when anhydrous are 
white, but when containing water of crystallisation hav(^ a greenish 
colour ; their solutions only a])])car green when m the concentrated 
condition. When exposed to the air they absorb oxygen, and are 
converted more or less (-onqiletely into soluble ferric salts, whilst 
there is some prcci))itatiou of basic ferric salts, e.^. 2FeS04d-0 
=Fe20(S04)2. Chlorine, bromine, hydrogen peroxide or nitric acid 
at the boiling temperature oxidise ferrous salts in solution rapidly and 
completely to ferric salts. In the oxidation with nitric acid nitric 
oxide is also formed from the acid, and gives a brown colour to the 
ferrous salt solution, in whicdi it dissolves (see Sec. 130, 6). The 
dark brown coloration of the solution ju’oduced is transitory (see 12). 
The soluble ferrous salts doniol rJ^dden litmus (but this is only the 
case when they are quite pure and ahsolulely free, from ferric s(dts). 
The ferrous salts of volatile acads are decomposed oti ignition. 
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4. E[ydrogen sulphide does mt produce a precipitate in solutions 
of ferrous salts when strongly acidified, and in neutral or slightly 
acid solutions produces either no precipitate at all or an incomplete 
black })rccipitate of ferrous sulj)hidc. Solutions which have been 
treated with sodjum acetate and a little free acetic acad yield only 
an incomplete precipitate, even on heating, the amount of 'the pre- 
cipitate depending upon the extent to which the so^lium acetate 
preponderates and represses the dissociation of the acetic £[pid.’ 
The addition of monochloroacetic acid or of formic acid in sufficient 
quantity also prevents the precipitation, even when alkali salts of 
these acids are present. 

5. Ammonium sulphide precij)itates from neutral and alkaline, 
and hydrogen sulphide from alkaline, solutions the ivhole of the iron 
0,9 a black hydrated precipitate of ferrous sulphide, FeS, which is 
insoluble in alkali hydroxide and alkali sulphide solutions, but 
readily soluble in hydrochloric and nitric acids, and when exposed 
to the air becomes reddish-brown, owing to its oxidation to basic 
ferric sulphate. Extremely dilute solutions of ferrous salts at first 
become green on the addition of ammonium sul})!iide, owing to the 
formation of colloidal ferrous sulphide, and only after standing for a 
considerable time in a warm place does the fibrous sulphide separate 
as a black precipitate. The presence of ammonium chloride 
materially promotes the precipitation. According to Stokes ammo- 
nium polysulphide produces a jirecipitate of ferric sulphide, Fe 2 S 3 
(Chem. Zentralhl., 1907, I., 1663). 

6. Ammoniwn thioacetate does not produce a precipitate in acid 
solutions of ferrous salts, but j^recipitates ferrous sulphide from 
alkaline solutions. Sodium thiosulphate does not give a pre- 
cipitate. 

7. Potassium or sodium hydroxide, and also ammonia, give a 
precipitate oi ferrous hydroxide, Fe(OH) 2 , which at the moment of 
precipitation appears white, but in a very short time becomes dirty 
green and finally reddish-brown, owing to absorption of oxygen from 
the air. The precipitation by })otassium or sodium hydroxide is 
partially, and that by ammonia entirely, prevented by the presence 
of ammonium salts. Such alkaline solutions containing ammonium 
salts yield preci[)itates of ferrous ferric hydroxide and ferric hydroxide 
when left exposed to the air. On adding hydroxylamine to a solution 
of a ferrous salt complete precipitation* of the ferrous ion as ferric 
hydroxide takes place, even in the presence of ammonium salts, 
owing to an oxidation ])rocess (Fibler, Zeitsch. anal. Chem., 47, 671). 
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Non-volatile organic acids, sugar, etc., prevent or injluence tlie pre- 
cipitation of ferrous salts hg alkali hgdroxide.s or aminonia. 

8. Potassium cyanide ])ro(liie-e» , a red-brown precipitate of 
ferrous cganide, Fe(CN) 2 . This dissolves in exct'M of ])ota8sium 
cyanide solution in the form of potassium ferrocymidti, K 4 Fe( 0 N)fl, 
Since the whole of the iron in this compound is present as complex 
anion, Fe(CN)""Q, it no longer shows the reactions of ferrous ion, and 
is therefore not reprccipitated as ferrocyanide on the addition of acid. 

9. Potassium ierricyanide producer in solutions of ferrous 
salts a bluish-white precipitate of ferrous potassium ferrocyanide, 
K 2 Fe 3 [Fe( 0 N)Q] 2 , which soon becomes blue through absorption of 
oxygen from the air. Nitric acid or chlorine converts it immediately 
into Prussian blue (ferric ferrocyanide), 3K2Pc;j[Fc(CN)(}]2-h9Cl 
~6KCh|-FeCl3-h2Fe4[Pe(CN)(jl3. The precipitate is also produced 
in a solution which has been treated with tartaric acid. 

10. Potassium ferricyanide produces a fine, blue precipitate of 
ferrous ferricyanide (Turnbuirs blue), Fe 3 [Pc(CN)(]l 2 . Tins does not 
differ in colour from true Prus.sian blue. It is insoluble in hydro- 
chloric acid, but is readily decomposed by alkali hydroxide. When 
the iron solution is very dilute the reagent ])roduces only a dark 
bluish-green coloration. 

11. Potassium thiocyanate has no effect whatever uj)on solutions 
of ferrous salts not containing ferric ion. 

12. Oil treating a ferrous salt solution with cXiU'ss of concentrated 
sulphuric acid and dropping a crystal of potassium nitrate into the 
solution, brownish-red streaks proceeding from the crystal will soon 
appear (solution of nitric oxide in ferrous salt). See also the reaction 
of nitriite ion, Sec. 0. (Method of detecting ferrous salt in 
presence of ferric salt. Blum, Zeitsch. anal. Chem., 44, 10.) 

Id. An aqueous solution of a-nitroso-^-naphthol produces in 
dilute neutral solutions of ferrous salts a green coloration, whilst 
on standing a slight llocculent green prcci])itate of ferrous nitroso- 
^-naphlhol separates. Free mineral acids {i.c. hydrogen ions) 
prevent the formation of the compourul, which is therefore also 
not produced in concentrated ferrous suljihate solution containing 
ferric sulphate (i.c. hydrolytically dissociated). But if sodium 
acetate is added the precipitate is formed. On adding an excess of 
a-nitroso-j3-naphthol in acetic aej^ solution to ferrous salt solutions 
there is produced a greenish-lilack precipitate, a mixture of the ferrous 
and ferric salt, which on standing is completely converted into the 
ferric compound (Bee. 62, 13). • 
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14. A solution of naphthenic acid in petroleum spirit, wlien shaken 
with a neutral or slightly acid solution of a ferrous salt, extracts 
the whole of the ferrous salt, which imparts an intense chocolate- 
brown coloration to the petroleum spirit layer. (Distinction from 
ferric ion.) (Chadtschkoff, Cliem. Zeit., 35, 463.) 

15. On treating a solution of a ferrous salt with a few drops of 
phosphotungsiic acid reagent (2 grins, sodium phosjdiotiingstate, 
5 c.c. hydrochloric acid, and 250 c.c. of water), and adding sodtum 
hydroxide solution, an intense sky-blue coloration is produced. 
(Distinction from ferric compounds.) This is a very sensitive 
reaction (Richaud & Bidot, Chem. ZenlraJhL, 1909, I., 1196). Other 
reducing agents give the same reaction, which is thus not a spccihc 
ferrous ion reaction (Popcsco, Chem. Zentralbl.y 191G, IL, 427). 

16. When a solution of a ferrous salt is treated with tartaric 
acid, a little alcoholic dimethglglyoxiue solution added, an<l then an 
excess of ammonia, an intense red coloration is produced, which fades 
on exposure to the air, owing to the oxidation of the ferrous com])Iex. 
Ferric compounds do not give this reaction, wdiich is a very sensitive 
one (Slawik, Chem. Zeit., 36, 54; Tschugajelf and Orelkin. ZeiLsrlt. 
anorgan. Chem,, 89, 401 ; Zeitsch. anal. Chou., 54, 37(5). 

17. Protocat echiiic acid does not affect acid solutions of feiTous 
salts. (Distinction from ferric compounds) Jn .slightly alkaline 
solution, even when very dilute, it j)roduccs a red coloration, which is 
destroyed by excess of hydro .xyl ions. It is, therefore, best to treat 
the slightly acid solution of the ferrous salt with the reagent, and 
then to add sodium carbonate solution, an excess of which has no 
injurious effect. If other cations are present which form coloured 
precipitates, the liquid should be filtered to make the coloration 
more distinct. Substances which have a disturbing influence on 
other reactions of iron ions in alkaline solution do not affect this 
colour reaction (0. Lutz, Chem. Zeit., 31, 570). 

18. Barium carbonate docs not produce a precipitate in the cold 
in aqueous solutions of ferrous salts, with the exception of ferrous 
sulphate. 

19. Borax dissolves ferrous compounds in the oxidising flame, 
forming yellow to dark red glasses. On cooling, they appear colourless 
to dark yellow. In the inner flame the herds become bottle-green, 
owing to the reduction of the trivpient iron wdiich has been formed, 
into divalent iron. Alkali phosphate behaves in a similar manner, 
but the colour of its glass fades to a more ]>ronounced extent on 
'Cooling, and the reduction phenomena are less distinct. 
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20. When reduced on charcoal sticks (p. 88), ferrous compounds 

yield a dull black powder which is attracted by a magnet. The 
reduced iron yields, when dissolved in a few drops of aqua regia, a 
yellow solution, to which the tests described in Sec. 62 may be 
applied. « 

21. 'With regard to the microchemical detection of ferrous com- 
pounds, see* Haushofer, Mihroskojtische Reaktmien, p. 48. 

f 

Sec. 62. 

(/3) Ferric ion, Fe- •. 

1. As met with in nature, crystalline ferric oxide, FcqOs (iron 
oxide), is steel-grey. When ground up it yiiilds a brownish-red 
powder, as does also ironstone and all artilicially prepared ferric 
oxides. 

Ferric hydroxide is more reddish-brown. Both are soluble in 
hydrochloric, nitric, and sulphuric acids -the hydroxide readily, 
and the oxide with more difficulty and only completely after heating 
for a lofig time. Reducing agents on the one hand, and manganese 
dioxide on the other, greatly promote the solution. Ferric oxide 
dissolves with coiujiarative case in hydrofluoric acid (Deussen, 
Zeilseh. angew. Chem., 18, 813). When heated in a current of dry 
hydrogen chloride, ferric hydroxide is converted into chloride, which 
volatilises. Fart of the iron nnnains behind as ferrous chloride, 
blit if the hydrogen chloride contains some chlorine the volatilisation 
is com])lete. (Method of separation from aluminium (Gooch and 
Havens, Chem. ZentralbL, 1899, 1., 1270), and from chromium, 
zirconium, and beryllium (Havens and Way, Zeitsch. anorgan. Chem., 
21, 389).) Ferrous ferric oxide, FcaO^, is black ; it dissolves in hydro- 
chloric acid as ferrous and ferric, ions, and in aqua regia as ferric ion. 

2. The neutral anhydrous ferric salts are nearly white ; the 
basic salts are yelloiv or reddish-brown. The colour of the solutions 
is brownish-yellow and becomes reddish-yellow when heated. The 
soluble neutral salts redden litmus, owing to hydrolysis. The ferric 
salts of volatile acids are decomjiosed when heated. 

Ferric cJdoride is much more soluble in ether in the presence of 
hydrochloric acid than in water, so that it can be extracted by 
shaking its aqueous solution wit^i ether (saturated with hydrochloric 
acid). This affords a means of separating iron ion from the ions of 
many ot her metals (aluminium, chromium, manganese, cobalt, nick^, 
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uranium, copper, vanadium), and incompletely from titanium, zinc, 
calcium, magnesium, potassium, and sodium. 

3, Hydrogen sulphide jjroduces in solutions acidified with strong 
acids, especially on heating, a milky-whitr lurhidity of liberated snlphvr, 
the ferric ion hei^g meanwhile reduced to ferrous ion : 

2Fe--fH2S-2Fe--f2H-+S 

for example 

l^'eo(S04)34-H2S-2FeS04-[-HoS04+S 
On the rapid addition of hydrogen sulphide water to neutral solu- 
tions there is produced, in addition to the separation of sulphur, a 
transitory blue-black coloration (presumably du6 to the momentary 
formation of ferrous sulphide). Hydrogen sulphide ])Tecipitates 
most of the ferric ion from a neutral solution of ferric acetate, but if 
a sufficient quantity of free acetic acid is present only sulphur 
separates. A solution of a ferric salt containing sodium acetate 
and a large amount of free ac(‘tic acid yields, on treatnrcnt with h 3 'dro- 
gen sulphide in the cold, practically nothing but separated sulphur, 
but on heating tlic h(pii<{ ])art of the ferric ion is precipitated as 
ferrous sulphide. Monochloroacetic acid, and also formic acid, 
when added in sufficient (piantity, prevents the precipitation even 
when alkali salts of these acids are present and the liquid is heated. 

4. Ammonium sulphide precipitates from neutral and alkaline 
solutions, and hydrogen sulphide from alkaline solutions, the whole 
of the ferric ion as black hydrated iron sulphide. In many cases this 
is invariably /c mb sulphide, Fe 2 S 3 , as e.g. when a neutral solution 
of a ferric salt is dropped into excess of a solution of yellow ammonium 
sulphide (Berzelius). According to the experiments of Stokes upon 
the interaction of precipitated iron sulphide and zinc hydroxide 
{Chem. Zentralbl, 1907, 1., 1663), /emb sulphide is always precipitated 
from alkaline solutions. In other cases, e.g. in presence of a neutral 
salt of trivalent iron, the aqueous solution of which undergoes 
hydrolytic dissociation, the precipitate is a mixture of ferrous sulphide 
and sulphur, since under these conditions there is first reduction with 
the separation of sulphur, and then precipitation : 

2Fe--f3(NH4)2B=2FeS-l-S-b6NH4 

for example 

2Fe(ff3+3(NH4)2S=2b>S+S-h6NIl4Cl 

In the case of very dilute solutions the •reagent at first produces 
only a blackish-green coloration in the lifpiid. The colloidal 
fqrrous sulphide only separates as a precipitate after standing for a 
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long time. Ammonium chloride has a pronounced influence in 
promoting the separation. The solubility characteristics of ferrous 
sulphide have been given in the section on ferrous ion (Sec, 61, 5). 

5. Ammonium thioacetale causes immediate reduction to ferrous 
ion in acid solutions of ferric salts ; it precipitate^ ferrous sulphide 
from alkaline solutions. Sodium thio.mlphale gives a violet coloration 
with soluti(^8 of ferric salts, and reduces the iron to the divalent 
condition, but doiis not form a precipitate. 

6. Potassium and sodium hydroxides (also alhdi peroxides) and 
ammonia produce a volumirwus reddish-brown precipitate of ferric 
hydroxide, Ke(()H)3 (containing alkali), which is insoluble in excess 
of the precipitant and in solutions of ammonium salts. Non- 
volatile organic acids or sugar, when present in sufficient quantity, 
entirely prevent the precipitation, owing to the formation or complex 
anions (cf Koszkowski, Zeitsch. anoryan, Chem., 14, 1 ; Zvilsch. anal. 
Chem., 37, 114). 

Zhic oxide and nwrcurij oxide precipitate trivalent iron as 
hydroxide in the same way as the alkalis. 

7. Potassium cyanide ])roduces a reddish-brown precipitate 

of ferric cyanide, in solutions of ferric salts. The pre- 

cipitate dissolves in excess of potassium cyanide solution, forming 
the ions of potassium fcrricyanide, K3Fe(CN)0. 

8. Potassium ferrocyanide produces, even in dilute solutions a fine 
blue precipitate of ferric ferrocyanide (Prussian blue) Fe4[Fe(CN)o]3 : 

4lM43-f3K4Fe(CN)e=Fe4[Fe(CN)fl]3-|-12KCl 

This is only slightly soluble in hydrochloric acid, but is decomposed 
by potassium hydroxide, with the separation of ferric hydroxide. 
Prussian blue is somewhat soluble in excess of potassium ferrocyanide 
solution. 

Minute traces of ferric ion cannot be detcct(;d by means of potas- 
siiiiu ferroc-yanide in solutions containing a large amount of hydro- 
chloric; acid or in neutral solutions containing much ammonium 
chloride. In the case of solutions containing ammonium chloride 
the reaction is only produced after the addition of hydrochloric acid 
(Vulpius), Ammoniacal solutions of ferric salts which have been 
treated with tartaric acid do not give a precipitate with potassium 
ferrocyanide. (Distinction from manganous ion. L. Blum.) 

9. Potassium Eerricyanide gi^es a dark reddish-brown coloration, 
but no preeipitaie, with solutions of ferric salts. 

10. Potassium thiocyanate, when added in not too small a 
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quantity to acid solutions of ferric sulUs, produces au interise blood- 
red coloration, owing to tlie formation of ferric thiocyanate, Fe(CNS) 3 , 
or of soluble ferric potassium thiocyanate (Kriiss and Moraht). This 
colour disappears on adding a little alcohol and heating the liquid. 

In the case oi solutions of ferric salts which have been treated 
with sodium acetate, and so coloured more or less red by the resulting 
ferric acetate complex compound, the blood-red coloration of ferric 
thiocyanate only appears after the addition of a large amount of 
hydrochloric acid. This is also the case when the solution contains 
oxalic, tartaric, citric, malic, iodic, phosphoric, arseni(;, or hydro- 
fluoric acids. The presence of mercuric compounds influence or 
prevent the occurrence of the reaction. In the presence of nitric 
acid the reaction must be carried out in the cold, because hot nitric- 
acid decomposes thiocyanogen compounds by oxidation ; if the 
oxidation is not com|.)lete the nitrite ion formed may itself f^ive a red 
coloration, so that, on the one hand, there may be no reaction when 
ferric ion is present, whiht, on the other hand, mider certain con- 
ditions a red coloration may appear when it is absent. By means 
of potassium thiocyanate ferric ion may be- detected in solutions 
which are so dilute that no other reagent ])roduces a perceptible 
reaction with them. In such cases the red coloration [)roduccd may 
be recognised most distinctly when the test-tube is ])laced on white 
paper and viewed from above. The sensitivejiess of the reaction 
may be still further increased by treating the solution containing the 
ferric compound with hydrochloric acid, and then with an excess of 
a solution of potassium thiocyanate, freshly prepared from the 
crystals, and shaking it gently with a little ether. The ferric thio- 
cyanate dissolves in the ether, and the ethereal layer is then more or 
less red in colour. 

II. Barium carbonate preciqntates, even in the. cold, the whole of 
the ferric ion as ferric hydroxide, mixed with basic salt. [Method of 
separating the ions of trivalent iron from the divalent ions of the fourth 
group,) 

Analogous precipitations of basic ferric salts (and effecting the 
same separations) may be produced by treating suitably dilute 
solutions, containing ammonium chloride, in the cold with ammonium 
carbonate until a permanent precipitate is nearhj formed (which might 
contain carbonates of the divalent^ metals), and then ])recipitating 
the ferric hydroxide mixed with basic ferftc salt ; or by treatiiig the 
neutral or still slightly acid solution with a certain excess of alkali 
acetate or formate and then boiling it. In all these cases hydrolytic 
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dissociation of tlie neutral ferric salt occurs. On heating the liquid 
the ferric hydroxide then present in colloidal solution is precipitated. 

12. On adding a small quantity of a solution containing ferric 
ion to the blue liquid obtained by treating hydrochloric acid 
with a little coballoiis chloride or nilratc, the blue col 9 ur of the solution 
changed to green. The reaction is particularly suitable for the 
detection oi ferric ion in acids or in the presence of ferrous ion 
(V«nable). 

13. A solution of a-nitrom-^-naphlhol in dilute (about 50 per 
cent.) acetic acid produces in neutral or slightly acid solutions of 
ferric salts a voluminous brownish-black precipiiale of ferric nitroso- 
^-naphthol, (Cioll(50.N())3Fe. (Distinction from many metals, but 
not from cobalt and copper, llinski and von Knorre, Ber., 18 , 2788.) 

11. Protocdfechuic acid solution produces in slightly acid solutions 
of ferric salts a bluish-green coloration, and in slightly alkaline solutions 
a red coloration. The coloration is de.stroycd by excess of acid and 
alkali hydroxide (but not by alkali carbonate). On adding a few 
drops of the reagent to an acid solution of trivalent iron, and then 
an excess of sodium carbonate, a red coloration is obtained, even when 
the solution is diluted to 1 : 10,(JU0,(KJ0 (0. Lutz, Chem. Zeit., 31, 570). 

15. A solution of diphenylcarbazide in petroleum spirit i)roduces, 
when shaken with a ferric salt solution, a peach-red coloration 
(C!azeneuve, Zeitsch. anal. Chem., 41 , 508). 

10. Potassium molybdenum cyanide gives an intense blue coloration 
with solutions of ferric salts, even w'hen very dilute*. The reagent is 
prepared by mixing 1 part of polassiuni molybdenum chloride, 
K 3 Mo(']e, with 2 parts of j)otas.sium cyanide, gradually adding 
0 jiarts of water, and heating the whole to boiling point. 

17. Ferric salts behave in the same way as ferrous compounds 
when fused into borax or alkali phosphate beads, or heated on 
charcoal sticks (p. 88). 

18. With regard to the microehcmical detection of trivalent iron 
see llaushofer, Mikroskopische Reaktionen, j). 48; Behrens-Kley, 
Mikrochemische Analyse, 3rd ed., p. 84 ; Bchoorl, Zeitsch. anal. 
Cnem., 48 , 215, 220, 072. 

Sec. 63. 

Sumimry and Remarks on Group 1 V, 

1 n the course of an analysis tlic members of Group IV. are usually 
precipitated as hydrated suljihides by treating their solutions with 
ammonium sulphide. Accordingly, in the first place, (I.) we gj^ve 
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an outline of the methods by which the metals contained in such 
precipitates may, as a rule, best be detected and separated from 
one another when they are all present together, by means of tlie 
reactions descril)cd in the ])receding sections, and then (11.) describe 
a few additional methods, which offer special advantages iii certain 
cases. 

1. A. 1. Since cobaltous sulphide and nickelous sulphide are 
only very slightly soliibh' in dilute hydrochloric acid (especially 
when hydrogen 8ulj)hid«' is present), whilst the sulphides of iron, 
manganese, and zinc are readily soluble tlicuvin, a method based on 
these facts is the most suitable means of separating nickel and 
cobalt, or at h'ast the greater juirt. of them. For this ])urpose, the 
moist precipitate of the sulphides is treated with a sullicieiit (piantity 
of a mixture of 5 jiarts of hydrogen sulphide water and 1 part of 
ordinary hydrochloric a( id of sp. gr. M2,^ with constant stirring 
but without aiiplyiug lu'at. 

The sulphides of nickel and cobalt remain almost (piaiititatively 
in the residue, wliilst the other suljdudes dissolve as chlorides, with 
the evolution of hydrogen sulphid<‘. The ])recipitate is separated 
and washed with water, to which it is advisable to add a little 
hydrogen sulphide w'ater. 

We deal next with the insoluble prccijiitalc, and then with the 
liquid filtered from it. 

2. For the separation of cobaU from nickel it is l)est to dry the 
filter paper containing the ])recij)itate, to ignite it in the presimce of 
air in a porcelain crucible until the carbon from the i)aj)er has been 
burned, and to heat the residue with hydrochloric acid with the 
addition of a few drops of nitric acid. If much ferrous sul])hide was 
present, the resulting solution will, as a rule, still contain a small 
quantity of ferric ion, in addition to the ions of cobalt and nickel. 
Hence, after dilution with a little water, it is treated with a moderate 
excess of ammonia, filtered if nec<*ssary. and the ammoniacal solution 
evaporated to dryness in a small [lorcelain dish. The residue is 
completely freed from ammonium salts by gentle ignition, and 
dissolved in hydrochloric acid containing a few drops of nitric acid, 
the nickel and cobalt ions precijiitatcd with sodium carbonatc,2 the 

^ If the precipitate contains any considerable quantity of the other sul- 
phides, the hydrochloric acid may be diluted with water instead of hydrogen 
sulphide water, since under those conditions sufficient hydrogen sulphide will 
be liberated by the acid. 

“ Should no precipitate be produced, the ammonium salts cannot hove 
bcfn completely expelled. 
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liquid filtered, the precipitate dissolved in the smallest possible 
quantity of acetic acid diluted with a liltle water, and the solution 
treated with a concentrated solution of potassium nitrite and a h'Ule 
more acetic; acid, so that the reaction is strongly acid. Care must 
be taken throughout the whole process that the^ volume of liquid 
does n«t become too great (Sec. 60, 15). On allowing the liquid to 
stand in a ^arm ])lace, the cobalt ion separates (soon if a considerable 
qqp,ntity, and after some tinu; if only a small amount is present) in 
the form of vcllow potassium cobalti nitrite'. The licpiid is filtered 
after about 12 hours, and nickel ion })re( i])itated from the filtrate by 
means of potassium or sodium hydroxide. In each case the pre- 
cipitate should be fused in a borax bead as a confirmatory test 
(Sec. 60, 24, and Sec. 50, 25). 

Another method is to dissolve the precipitate obtained by means 
of sodium carbonate in hydrochloric acid, and to test part of the 
solution for cobalt ion with a-nitroso-j8-naphthol (Sec. 60, 18), and 
another ])art for nickel ion with dirnethylglyoxime (Sec. 59, 19) or 
dicyanodianiidinc sulphate. Tlic use of these reactions may be 
especially recommended when very small amounts of the cation are 
to be detected. 

3. Separatipn of iro7i . — The filtrate from th<; cobalt and nickel 
sulphide j)re(;ij)itate will contain the iron as ferrous ion, together 
with the manganous and zinc ions, and any residual traces of cobaltous 
and nickelous ions. Since iron ion can only be separated readily from 
the other cations when it is })resent in the irivalent condition, the 
liquid is first boiled for a sufficient time to expel the hydrogen 
suli)hide, and nitric acid added to the gently boiling solution until 
the ferrous ion has been completely converted into ferric ion. (In 
doubtful cases certainty is attained by testing the. liquid with a few 
drops of potasium ferricyanidc solution.) The liquid is cooled, and 
the ferric ion precipitated as basic ferric, salt. h\)r this ])urpose one 
of the following methods may be chosen : — 

(а) The free acid is nearly neutralised by the cautious addition 
of sodium carbonate, but the solution must still remain clear (any 
precipitate produced being re-dissolved by the addition of a drop of 
hydrochloric acid), and the liquid is treated with a moderate excess 
of precipitated barium carbonate, so that some of it remains un- 
dissolved, then thoroughly stirred, allowed to settle, and filtered. 

(б) The solution is diluted to f sufficient extent, and treated with 
a fairly large quantity of ammonium chloride, and then cautiously 
with ammonium carbonate (in dilute solution) until the liquid^ 
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which must still show an acid reaction, shows signs of becoming 
turbid, after which it is boiled for a short time, allowed to stand, and 
filtered while hot. 

(c) The solution is diluted, sodium carbonate added until the 
acid is nearly neutralised, and the clear, still perceptibly acid liquid 
treated with sodium carbonate, luxated to ])oiling point, allowed to 
stand for a shoit time, and filtered. 

’ I _ 

If one of these methods has been used the presence of ferric ^ion 
may, as a rule, be recognised at once by the ochre colour of the 
precipitate. In doubtful cases a little of the precipitate may be 
dissolved in hydrochloric acid, and the dilute solution tested with 
potassium ferrocyanidc or potassium thiocyanate. 

4. Separation of mtpgancH' and The filtrate from the basic 
ferric salt may now contain manganous ion, zinc ion, and traces of 
cobaltous and nickelous ions. A good method of separating man- 
ganous ion from the other cations may be based upon the soluliility 
of manganous sulphide in acetic acid. The separation by this means 
is best effected by one of the following methods (preferably after the 
separation of barium ion by means of sulphuric acid, wlien barium 
carbonate has been used for the precipitation of ferric ion (3 [a ]) : — 

(a) The solution is treated in a small boiling flask with ammonium 
chloride, then with ammonia, until the reaction is alkaline, and lastly 
with ammonium sulphide, allowed to stand in a warm place, and 
filtered. The precipitate is washed with water to which a little 
hydrogen sulphide water has been added, the filter containing it 
spread out in a small basin and treated with a mixture, of about 
equal parts of acetic acid (sp. gr. r04) and water, and after about 
five minutes the liquid is diluted with water and filtered, and the 
precipitate washed. 

(h) The following method is more accurate, but somewhat more 
tedious. The solution is treated with excess of ammonia and then 
with acetic acid until the reaction is acid, sodium acetate added, a 
current of hydrogen sulphide introduced into the heated liquid, 
which is then allowed to stand, and the precipitate filtered off and 
washed. 

In either case the solution, in which there is free acetic acid 
and hydrogen sulphide, will now contain the manganous ion, and 
this may be separated as follows : — 

(a) The solution is treated wiEi ananonia and ammonium sul- 
phide, and the manganous ion thus precipitated as sulphide ; (/3) The 
jBolution is concentrated by evaporation, so as to remove the hydrogen 
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sulphide, and the manganous ion precipitated by means of potassium 
hydroxide as manganous hydroxide (which turns brown on exposure 
to the air, owing to oxidation) ; (y) The solution is treated with a 
little hydrobromic acid until it is distinctly yellow, and then with 
ammonia, and the manganous ion precipitated as jiydrated dioxide 
by boilhig the liquid. Of these methods the last has the advantage 
of grent sensitiveness, and that, owing to the brownish-black 
colour of the precipitate, any further test is, as a rule, unnecessary. 
As a confirmatory test, portions of the compounds precipitated, as 
described in a, /3, or y, may be fused with sodium carbonate 
according to Sec. 58, 19. 

5. Drfcction of zinc . — The insoluble residue left after the treat- 
ment with acetic acid, as in 4 (u), or the ])recipitate produced bymeans 
of hydrogen sulphide from the solution acidified with acetic acid, 
as in 4 (h), contains zinc sulphide, the white colour of wlnc-h is more or 
less masked by the small amounts of the sulphides of cobalt and 
nickel which it contains. For the detection of zinc the proci])itate is 
spread out in a porcelain dish and treated with a mixture of about 
5 parts of hydrogen sulphide water and 1 |»art of ordinary hydro- 
chloric acid of sp. gr. I '12, and after about five minutes the acid 
solution, which will now contain the zinc ion. is filtered from the 
undissolved nickel and ('obalt sulj)hides. When the lilt rate is treated 
with sodium acetate the zinc ion is precipitated as white zinc sulphide, 
free from the trace's of nickel and cobalt ions which have been dis- 
solved by tlie hydrochloric acid, since the sulphides of those metals 
are not |)rccipitated in the cold under these conditions (8ec. 59, 4, 
and Sec. (50, 4). If so little cobalt and nickel ions were present that 
they were not detected in 2, the residue of sulphides obtained in 5 
mu.st still be tested for those cations by the mctho<la described in 2. 

B. Method of Botficher and (f Elder.- {\) In this method a con- 
centrated solution of the chlorides of all the metals of the fourth 
grouj) is used. fSiicli solution may be obtained by dissolving the 
sulphide precipitate in concentrated hydrochloric acid, with, if 
necessary, the addition of a little nitric acid (which, however, must 
onl} be employed when complete solution is not effected by hydro- 
chloric acid alone, and then only after complete removal of the 
hydrogen sulphide), evaporating the solution to dryness, and dissolving 
the residue in a little water. This solution is treated with 10 c.c. of 
3 per cent, hydrogen peroxide solution, and added slowly, drop by 
drop, with continuous stirring, to about 50 c.c. of equal part-s of a 
freshly-prepared 25 i)er (^ent. sodium hydroxide solution and 3 per® 

17 
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cent, hydrogen ])eroxide solution, and the whole diluted with water 
and filtered. 

2. The filtrate will contain the zinc ion, and this may be pre- 
cipitated as white zinc sulphide l)y means of hydrogen sulphide or 
ammonium sulphide. 

3. The precipitate will contain ferric hydroxide, iTydrated 
manganese dioxide, and cobaltic or nickelic (or nickeloiL**) hydroxide. ^ 
It is dissolved in hot concentrated hydrochloric acid, and the4ficid 
solution treated with hydrogen peroxide and jioured into a mixture 
of equal parts of strong ammonia solution and 3 per cent, hydrogen 
peroxide. 

4. The preci[)itate eontaininir the iron and luanganese is dissolved 
in hydrochloric acid, and tin* solution fre<'(l from chlorine, treated in 
the cold with ammonium chloride and hydroxylamitie cldoride, and 
then with cxce.ss of ammonia, and heated in a coviu'ed vessel on the 
water-bath. The ferric ion is precipitated as baric hydroxide, 
whilst the manganous ion in the filtrate is ])reci})it.ated as sulphide 
by means of ammonium sulphide. 

5. The filtrate, containing the nickel and cobalt in the form 

of ammonia complexes, may be treated by one of the following 
methods : (a) It is evaporated to dryness and the ri'sidue ignited to 
remove ammonium salts, or (waporated with fuming nitric- acid, and 
then treated as described above in A. 2. (/>) The nickel may be 

])recipitatcd directly by means of dicyanodiamidine sulphate and 
sodium hydroxide from the filtrate containing the nickel and c-obalt 
ions (because tin* cobalt ion is present in tin* trivalent condition and 
is, therefore, not })recij>itated by sodium hydroxide from its ammo- 
niacal solution). The cobalt ion may then be jirecipitated from the 
filtrate as sulphide by means of ammonium .sulphide. It may also 
be precipitated with a-nitroso-j3-na})hthol from another portion of 
the filtrate still containing nickel ion. 

C, 1. The hydrochloric acid .solut ion of the cations may also 
be treated with ammonia and liromine water, whereby feme and 
manganous ions are precipitated, and may then be separated as 
described above. 

2, The solution i.s treated in the cold with sodium hydroxide, 
which precipitates the nickel ion as hydroxi Je. On boiling the filtrate 
cobalt ion is precipitated as hyd||oxide. The filtrate from this will 
still contain zinc ion, and this may lie precipitated by means of 
hydrogen sulphide, after acidifying the solution with acetic acid. 

1 Sea 50, 0. 
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II. We now describe some other methods^ which may be used 
with advanta^'e in certain special cases : (1) If it is a question of 
separating small anMunts of iron ions from the other cations of the 
fourth group, the best method is to treat the solution (which must 
contain the iron in trivaleut form, and must theJ3foi;e have been 
oxidised^ if necessary) in the cold with airmionium chloride and a 
moderate excess of ammonia, and to filter oil rapidly the small 
am(*unt of ])rocipitated ferric hydroxide. If filtration is delayed, 
part of the manganous ion will siqiarate as manganous manganic 
hydroxide witli the ferric hydroxide, owing to the action of the 
atmos[)licric. oxygen. By re-dissolving the ]»reci])itate in hydro- 
chloric acid, boiling the solution for a short time, and again pre- 
ci])ifating ferric hydroxide in the cold by means of ammonia in 
ex(U‘ss, tin' se])a.ration of b'lTic. ion from the otlu'r editions is rendered 
almost complete. Ry ad<ling hydroxylamine chloride or a hydrazine 
salt, the precipitation of manganese may be prevented, and in that 
case the double precipitation need not be made. In the presimcc of 
considerable (piaritities of iron ion, the method cannot be recom- 
mend('d, because in that case a certain amount of the other hydroxides 
is always precipitated uith the ferric hydroxide, with the result that 
when this method is used small amounts of the other cations may bo 
entirely overlooked. 

2. If zim ion is to be separated from the other cations of the 
fourth group, one of the following methods may b<' used : — 

(a) The solution is suflicii'iitly diluted, the greater part of any 
free acid present lU'utralised with ammonia, ammonium mono- 
chloroact'tate and some free monochloroacetie acid added, the 
liipiid heated to 50 ' -GO'", and the zinc ion ])reci]»itated by means of 
hydrogen sillpliido. The other cations remain in solution. 

{b) The solution is treated with sodium carbonate until a per- 
manent jirecipitate is just formed, this precipitate dissolved by 
adding a few drops of dilute hydrochloric acid, sodium thiosulphate 
added in not too small a quantity, the liquid greatly diluted, and 
hydrogen sulphide introduced in the cold. The zinc ion is pre- 
cipitated as zinc sulphide, whilst the other cations remain in solution 
(J. liiban). 

(c) If a considerable amount of zinc is to be separated from small 
quantities of the other ions, the solution may also be treated with 
potassium or sodium hydroxide. On adding this in excess, the pre- 
cipitated zinc hydroxide is re-dissolved, whilst the hydroxides of the 
other metals remain as an in.solublo residue. The zinc ion may be 
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precipitated from this solution by means of ammonium sulphide 
(cf. Part II., Chap. III., Footnote to Rubric No. 50). This method, 
however, seldom offers special advantages, because some zinc 
remains in the insoluble precipitate. The method would be quite 
unworkable, if chromic ion were also present, since zinc and chromic 
ions reciprocally precipitate each other from ])ota88ium ot sodium 
hydroxide solutions. The latter difiiculty, as also any retention of 
the zinc by manganese, may be obviated by adding hydrogen pcrotcide, 
sodium percarbonate, or bromine to the sodium hydroxide solution, 
whereby the chromic ion is converted into chromate ion and 
manganous ion into the tetravalent condition. 

3. If a brown coloration is obtained in the filtrate from the 
precipitated suljjhides, the presence of nickel is indi(;ated. In 
this case, the somewhat tedious method of separating cobalt ion 
from nickel ion, as given above in A. 2, may sometimes be omitted, 
since it is often possible when testing a part of the residue obtained 
in A. 2, after removal of the ammonium salts, to detect the cobalt 
with certainty in the presence of nickel in a borax bead ex])osed to 
the reducing flame. If small amounts of nickel ion are to be detected 
in the presence of considerable quantities of cobalt ion, it is advisable 
to use a potassium cyanide solutioii of the cyanides, which has been 
treated with sodium hydroxide. The cobalt ion may be detected 
in a portion of tliis Ikiuid by means of the red coloration produced 
by yellow ammonium sulphide, and the nickel ion by the black 
precipitate of nickelic hydroxide [)roduced by means of chlorine or 
bromine (Sec. 59. 12, and Sec. GO, 12). The different behaviour of 
the hydroxides of the trivalent metals towards potassium cyanide 
solution or ammonium chloride and ammonia solution is more 
suitable for the differentiation than for the separation of nickel 
and cobalt ions.i 

Smdl amounts of nickel ion may also be dete(d,ed in the presence 
of cobalt ion by treating the solution with sodium j)eroxide, thoroughly 
washing the precipitate of cobaltous and nickelous hydroxides - 
with cold water, and treating it on the filter with a cold .saturated 
solution of oxalic acid, when nickelous hydroxide dissolves. On 
adding to the filtrate a little potassium ferricyanide and sodium 
hydroxide, black nickelic hydroxide is precipitated (Benedict, Chem. 
Zeniralhl, 1904, II., 564). For Jhe detection of small amounts of 

^ With regard to the detection of nickel ion in the presence of cobalt ion, 
see also Hcrrcnschmidt and Capelle, ZciU<rh. anal. Chem., 32, b()7. 

2 Kassner, Ibid., 34, COO. 
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nickel ion in the presence of cobalt ion, the reactions j];iven in Sec. 59, 
5 ffootnot(i), 16, and especially 18 and 19 are also suitable. For the 
detection of srmll amounts of cobalt ion in the presence of nickel ion, 
the reactions Sec. GO, 16, and 18 are applicable. 

4. For the separation of the members of the fourth grouj) in the 
presenoct of organic non-volatilc substances, metiiods basVd upon the 
preliminary separation of all the cations as sulphides must be used, 
because the organic substances mentioned would influence or pre- 
vent the precipitation of the ions of iron as hydroxide or basic 
chloride. In the presence of citric acid, however, even these methods 
are not suflicient, because alkali citrates prevent the complete pre- 
cipitation of manganous ion as manganese sulphide. Hence, in 
the presence of citric acid, it is n(‘cessary to evaporate the solution 
with sodium carbonate and to ignite the residue with potassium 
nitrate, so as to destroy organic substances. 

5. Ferrous and ferric, compounds are detected in the ])rcsence of 
each other by testing for the former with potassium ferricyanide, 
and for the latter with potassium ferrocyanide or witli [)otassium 
thiocyanate. 

Silicates may be prepared for this test by heating the })OW(ler 
with fused borax in a sealed glass tub(‘. After the decomposition 
is com[)lcte, the tube is sprinlded with water to crack the glass, and 
is broken after cooling. The substance is treated with hydrochloric 
acid in a test-tube, and portions of this solution :ire tested for divalent 
and tri valent iron as described. 


Sppx’ial Ueactions of the Rarer Members of the Fourth 
Uroup. 

Seo. 64. 

1. Uranium, U, 2.38-2. 

Uraiiiuni is a greyish- white metal, which lias a sjiceilic gravity of 
18-68, and is very diflieiilt to fuse. It is usually present in its compounds 
in the tetravalcnt and hexavalent condition. It is only of rare occurrence 
in pitchblende, carnotite, and samarskitc. Minerals containing uranium 
and uranium compounds are radioactive. Uranuus oxide, UO 2 , is brown 
or black, and is dissolved by nitric acid, forming uranous nitrate. Uranic 
oxide, UO3, is brick-red. Uranyl hydroxide, UOa(OH)g, is yellow. When 
ignited in the air botli the oxide of Utravaleut uranium and that of hoxa- 
valent uranium yield a blaokish-green vranotis uranic oxide, U 3 O 3 (corre- 
sponding to pitchblende). 
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I. Salts of tetra valent uranium.— mlts are green, and in 
solution are readily converted into uranyl salts. According to Clemens 
2iramermann,^ pure uranous salts free from hexavalent uranium show the 
following reactions : — 

1. Ammonium ,sulphi(k gives a pale green precipitate, which very rapidly 
becomes dark aiuhblack when boiled. 

2. Pokmsinm and sodium hydroxides and ammonia produce voiuminous 
pale green prccijiitates of uranous hydroxide, which are insoluble in excess 
of the precipitant. They rajiidly change m the air, being <‘onvertc*d first 
into brownish- black uranic oxide, aiul, afkT some time, into yellow aikali 
uranate. 

Notes to 1 and 2. Tartaric acid prevents the formation of precipitates 
by means of ammonium sulphide, potassium and sodium hydroxides, and 
ammonia. The liquid does nf>t darken in colour. 

3. The carhonates and hydrogen carbonates of jKitassivm and sodium 
produce a whitish-green precipitate, which darkens when heated owing to 
oxidation. The precipitate is soluble in exc('ss of alkali hydrogen carbonate 
solution, but is partially oxidised and rc-precijiitated when the liquid is 
heated. 

4. Ammonium carbonate produces a similar precipitate soluble in excess 
of the precipitant. It is not re-])rec]pitated, even on beating the solution. 

5. Barium carbonate completely precijiitates uranous comiiouiids, even 
in the cold. 

C. Potassium ferrwyanidc produces immediately a yellowish-green pre- 
cipitate, whicli gradually changes to reddish-brown in consequence of 
oxidation. 

7. Potassium ferricyanide produces immediately a reddish-brown 
precipitate. 

8. Hydrofluoric acid precipitates insoluble uranous tiuoride from solu- 
tions of uranous salts (Hillebrand ; (liolitti, Zeiisch. anal. Chem., 44, 431). 

II. Salts of hexavalent uranium.— Hexavalent uranium forms, on 
the one hand, salts containing the divalent cation IJO” {uranyl salts), and 
on the other hand, salts containing the anion UO" 4 , or UgO", (vraiiates). 
Both forms of the compounds of hexavalent uranium are yellow. Most 
uranyl salts are soluble in water, whilst those which are insoluble therein 
dissolve almost without exception in hydrochloric acid. 'J’hc solutions 
arc yellow. 

1. When a sulphuric acid solutiem of uranyl salts is heated with zinc 
the yellow colour of the liquid is changed to the green colour- of uranous 
salts. 

2. Hydrogen sulphide has no action upon solutions of uranyl salts. 

3. Ammonium sulphide produces, after neutralisation of free acid, a 
precipitate which subsides slowly, and is readily soluble in acids, including 
acetic acid ; its formation is promo^^d by ammonium chloride and pre- 
vented by hydroxylamine hydrochlonde. When jrrccipitated in the cold, 

^ Zeitsch. anal. Chem., 23, fib. (With regard to the absorption spectrum 
of uranous salts, see Hid., j). 220 ) 
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it is of a chocolate- brown colour, and contains uranyl sulphide, amraonium 
sulphide, and water, it is insoluble in ammonia solution, but dissolves 
in colourless or yellow ammonium sulphide containing a little ammonium 
carbonate, forming a brown solution (Cl. Ziminermann) ; on washing the 
precipitate it is giadually converted into yellow uranyl hydroxide. When 
a solution of a uranium salt which has been treated with ammonium 
sult>hi(lG- is boiled, the uranyl sul]>liide first precipitated ls decomposed 
into sulj)hiir and black iiranous oxide, which latter is insoluble in excess of 
ammonium sulphidis (Hcmele). The uranyl sulphide (but not the pre- 
ciprtatc whi( h has been converted into iiranous oxide and sulphur) is 
readily solublci in ammonium carbonate solution. (Kssential distinction 
and method of separating the ions of uranium from those of zinc, manganese, 
iron, etc.) If the uranyl sulphide remains for a long time in contact with 
excess of ammonium sulphide, it is converted, in the presence of air, owing 
to tin; formation of ammonium thiosulphate, into a red compound, and in 
the absence of aii' into a black jiroduct of reaction. 

4. Ammonia and j)^da.s-'<ium, and sodium hydroxides jiroduce yellow 
pn'ciiiitates of alkali uranates, exj., K 2^/17, insoluble in excels of the 
precipitant. Tartaric and jirevents or inlluemri's the precipitation by 
ammonia, hydroxylnmine hydrochloride prevents it, whilst ammonium 
chloride promotes it. 

5. Freshly precipitated meremy oxide precipitates uranium quantita- 
tively from boiling solutions which have been treated with ammonium 
chloride. (IVhdhod of separating uranic ion from strontium, calcium, 
and alkali ions, and le.ss eomphdcly from barium ion. Alibrgoff.) 

6. AmrminiHni carbomde, and also jiotassium or sodium hydroxide car- 
bonates, produce in solutions of uranyl salts yellow precipitates of alkali 
uranyl carbonate, e.ij. 2K2C03,(II02)C()3, udnch dissolve readily in excess 
of the 'precipitant A Potassium or sodium hydroxide precipitates the 
whole of the uranic ion from such solutions.* 

7. Barium carbonate preei])itates uranic ion completely, even m the 
cold. (Essential ihstinetion and means of separation from nickel, cobalt, 
manganes(‘, and zinc ions.) 

8. Ihsodium hydrogen phosphate jirodiices in solutions of uranyl salts 
containing acetic acid or alkali acetates a yellowish-white precipitate of 
uranyl hydrogen phosphate (U()2)HP04'l-.rH.20, which is soluble in mineral 
acids. In the presence of much ammonium salt a precipitate of amnumium 
uranyl phosphate, (U()2)(Nll4)P04 1 .rllgO, whicdi is of similar colour, -is 
obtained. Heat promotes the separation of both precipitates. 

U. Hydrogen peroxide jiroduecs a yellowish- white precipitate of hydrated 
urajiium tetroxide, UO4, soluble in hydrochloric acid (Fairley, Zeitsch, 

^ The decomposition product uranium X, derived from uranium, is here 
left as a sUght insoluble residue. (Organic solvents, such as acetone, etc., 
when apphed to uranyl nitrate, may also cfTcct a separation from uranium X , 
which remains undissoivcd.) jdoord^and Schlundt, Phil. Mag., (fi) 12, 393 ; 
Chem. Zentralbl., 190(i, II., 1470. For details of the chemistry of the radio- 
elements reference may bo made to, e.g. F. Henrich’s book, Cheinte uud chemische 
Technologic radioaktiver Stnffe, Berlin, 1918. 
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anal. Cheni., 44, 433). The jjrosence of sulphuric acid or suljjhates or of 
fluorides prevents the precipitation, presumably owing to the formation 
of complex compounds (Mazzucchelli, Atli Acail. Lhicd Roimi (5), 15, 
II., 494 ; Cfiem. Zentralbl., 1907, 1., 304). Ammonium rarbonaiu dissolves 
this precipitate', forming an intense yellow solution. This reaction is very 
sensitive. When a solution in sulphuric acid of the precipitate produced 
by hydrogen peroxide is shaken with ether it imparts a blue rolamhon to 
the latk'r. Stxlium ptro.ride proiluces in solutions of uranyl salts a yellow 
precipitate soluble m excess of the })re(‘ipitant ; alcohol precipitates from 
this solution yellow' sodium perurauate, Na4U208Tl^H20, whuih aiU'r 
some time becomes crystalline. If the htpiid is boiled before the addition 
of alcohol, red uranyl sodium peruranate, (U02)Na2U20^, is precipitated 
(Kassner, Zn'tsrh. anal. Chem., 34, 595). Analogous results are obtained 
by treating a solution of a uranyl salt with hydrogen peroxide and 
carbonate m solid form or in concentrated solution (d. Aloy, Zeitsch. anal, 
Chem., 44, 433). 

10. Ethyknediamine produces in solutions of uranyl salts, even when 
extremely ddute, a erystalhne yellow' precipitate, which is soluble in e.xcess 
of the resulting uranium compound (J. A. Siemssen, ('hem. Zed., 35, 
139 and 742 ; Zeitsch. anal. Chem., 52, 773). 

11. Potassium fer roc yanide produces a precipitate or at h'ast a reddish- 
brown coloration. Tins is a very sensitive reaction. I’lu' precipitate 
dissolves in ammonium carbonate solution, forming a yellow liipiid, and 
is also solulile in hot dilute hydrochloric acid. 

12. ISolutions of uranyl salts, and in particular of the nitrate, colour 
turmeric paper Inoivn, even in tlu' presence of a little free hydrochloric acid, 
although the reaction is then less sensitue. Jjargo amounts of mineral 
acids inhibit the reaction ((’1. Zimmennann). On touching the turmeric 
paper, which has been turned brown by a uraii}! salt solution, with sodium 
carbonate solution dark brown sjiots are produced. 

13. Alkanel tincture becomes green when treated with neutral uranyl 
nitrate or chloride solution. It shows two characteristic absorption bands 
at 687 and G31^/x. 

14. Alkali phosphate and bortic di.ssolvi; uranyl .salts in the outer llairio, 
producing yello^v beads, which on cooling ajipear yellowish-green with 
green fluorescence, whilst in the inner flame they produce green beads. 

15. With regard to the microchemical detection of uranium ion see 
Haushofer, Alikroskopischf Reakhonen, p. 132, and Behrens- Kley, MikrO' 
chemische Analyse, 3rd ed., p. 150. 


Hvj'. 05. 

2. Thallium, Tl, 204. 

Thallium occurs in crookesite (a co'^per sc'lenide) and also, though in- 
variably in small quantities, in many varieties of pyrites containing copper, 
and in many kinds of iron pyrites, in varieties of crude sulphur, and in the 
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deposits of flue dust of the lead chambers, the furna (!0 of which has been 
charged with pyrites eontaiiiiiig thalliuTii ; it is sometimes present in com- 
mercial sulphuric and hydrochloric acids, and it luis been found in lepidolite. 
bismuth, and cadmium preparations, in plant ash, and in some mineral 
waters. 

1. Thallium is a soft metal resemhlimj lead, havingifa specific gravity 
of 11 '8 1(9 11 "9, and melting at 301 •5‘^ (Roos,( 'hem. Zenfralfd., 1910, 1., 1117) ; 
it volatilises at a red heat, when bent it crackles like tin, becomes coated 
with oxide when expos(’d to the air, do(‘s not deeoiTijiose water, and is 
solulile in dilute acids with the evolution of hydrogen. Thallium is readily 
soluble in dilute sulphuric and nitric acids, but dissolves with difficulty in 
hydrochloric acid. It is monovalent or trivalent in its eomjiounds. In 
its inonovak'iit compounds it has many clos(‘ analogies with the ions of 
potassium, whilst m the trivalen't eomjiounds it beha\’«* like a heavy 
metal ion ; the T1-- ion forms very stable comph'v ions. 

2. T/iallous oxide, 33.^0, is black, fusible, and when fueled attacks 
glass or porcelain. It is soluble m water, yielding a colourless, alkaline, 
corrosive solution, which ab.sorbs carbon dioKide. It is also soluble in 
aleoliol. 

Thalhc. oxide, TLO^, is blackish-violet and insoluble in water; fhallic 
lujdio.iide is brown. 'I’haihe oxide is hardly attacked luy concentrated 
suljihuric acid in the cold, but combines with it on heating. If the heating 
is eonl limed for a long time, thallous suljihate is formed, and oxygen 
jibeiat(‘d. Tliallic oxide reacts with hydrochloric acid to form the corre- 
sfionding chloride, which may be sejmrabal in the form of colourless, 
readily soluble crystals. When it is heated, chlorine esoajics, while com- 
jiounds of thallous and thallie chlorides are formed. 

3. The ihallonH aalln aie colourless ; some (the sulphate, nitrate, mono- 
iiydrogen phosjiliatc, tartrate, and acetate) are readily soluble, others 
(carbonate, neutral jihospliate, chloriile) sjiaringly soluble, and others 
(iodid(i) almost insoluble. When solutions of thallous salts are boiled with 
nitric acid, the thallous ion is not eonverffid into the trivalent condition, 
which reaction, however, takes place quantitativi'ly when tlic solution is 
boiled with aqua reijia. 

The f halite .salts are hydrolytically dis.sociated by water, with the 
sejiaration of thallie hydroxide ; alkali hydroxides jirecijiitatc thallie 
hydroxide from their acid solutions; hydrogen suljihide converts them 
into thallous salts, whilst sulphur separates ; and wdth jiotassium iodide 
they yield iodine and thallous iodide. They are not precijiitatcd by 
hydrochloric acid. 

4. Potassiutn and sodium hydroxide, s and ammonia do not produce 
precipitates in aqueous solutions of thallous salts. 

5. Alkali earhonates precijiitato thallous catbonate, but only from quite 

concentrated solutions, since 100 ji^ts of water at 18'’ dissolve 5’23 parts 
of tliallous carbonate'. * 

6. Hydrochloric arid produees in solutions which are not too dilute 
a white precipitate of thallous chloride, w Inch rapidly subsides, does not 
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alter on exposure to light, and is only sparingly soluble in water, even less 
so in dilute hydroehloric acid. 

7. If rMarine gas is introclucod into solutions of tliallous salts white 
thallous chloride is precipitated, and this heoonies lirst brown and then 
dissolves, owing to the formation of thalhc chloride. (iSuitablc method of 
separation froin sik'cr.) 

8. Potassium uxlute produces in very dilute solutions a light yellow 
prccipitaki of thalhyus ukIuIc^ which is only slightly solul^le in water 
(1 : 17,006), and still Ic.ss soluble in cxce.ss of potassium iodide solution. 
The precipitate dissolves with difheulty in sodium thiosulpliatc solution 
in the cold. (Distinction from lead iodide. E. A. Werner.) Owing to 
its sensitiveness this reaction is the ■nu)st suitable for the detection of thallium 
by th£ v^et method ; if ferric ion is prest'iit, it must fimt be reduced by means 
of sodium sulphide. 

9. Plaiinohydrochloric acid gives a sparingly soluble, pah' orange, pre- 
cipitate of thallerus 'platinochloride, Tl^EtCIc, in solutions of thallous salts 
which are not too dilute. 

10. Sodium cobaltous nitrite reagent {i.e. sodium nitrite, eobaltous 
chloride, and acetic acid) produces a sparingly soluble (1 : 10,000) light 
red precipitate of thallous cobaltic nitrite, T1 ;j('o(1S’Oj)q, m solutions of 
thallous salts. 

11. Hydrogen sulphide does not produce a pn'cipitate in solutions 
strongly aciditied \Mth mineral acids, unless arsenic, antimony, or co])p(‘r 
ions are present, in which case thallous sulphide is precij)itated simultane- 
ously with the other sulphides. .D? incomplete piecipitatc is jnoduced in 
neutral or very slightly acid solutions, but the whole of the that hum ion is 
precipitated as black thallous sulphide fjom an aatic acid solution of 
thallous salts. 

12. Colourless ammonium sulphvle, aiui also hydrogen sulphide from 
alkaline solutions, precipitates the whole of the dissolved thallium ion as 
black thallous sulphide, which, especially when heated, readily agglo- 
merates into lumps. I’his precipitate is insoluble in ammonia, alkali, 
ammonium sulphide, and jiotassium cyanide solutions ; it is rajiidly 
oxidised to thallous sulphate in the air, is readily soluble in tlilute hydro- 
chloric, sulphuric, and nitric acids, but only dissolves with dilliculty in 
acetic acid. When heated, thallous suliihide lirst melts and then volatilises. 

13. Zinc, and also nuignesiarn, precipitates metallic thallium in tho 
form of black, flake-like crystals from solutions of thallous salts. 

14. Thallium compounds impart an intense green colour to colourless 
flames. The spectrum of the thallium ilame shows only a single, highly 
characteristic, fine emerald green line (,'535’06/x/i, cf. the table of spectra). 
In the case of small amounts of thallium, the Ilame coloration only lasts 
for a short time. As a rule, spectrum analysis affords the best means of 
detecting thallium. Pyrites containing thallium often show the green 
spectrum line immediately ; in the ease of etude sulphur, thallium is best 
detected by extracting most of the sulphur by means of carbon bisulphide, 
and then testing the residue. When a large amount of a sodium salt is 
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present, but only a very small amount of a thallium compound, the Gallium 
s|)eetrura can only be rendered visible by introducing a small quantity 
of the moistened substance into the flame, and then observing the resulting 
spectrum. If traces of thallous platinocliloride are present, together with 
largo amomits of potassium, rubidium, and caesium platinoclilorides, in a 
precipitate produced by moans of j)latinohydrochIoric {fcid,,the precipitate 
is boiled twenty-live to fifty times with successive small quantities of water, 
and the ]i(jui^ decanted each time. The final residue from these extractions 
wiU then show the thallium lino transitorily. 

15. ]<V)i‘ the mivrorfumiral deUcHon of thallium, sec Haushofer, Mikro- 
iiko'pisrhc limkHom n, p. 125, and ilehrens-Kley, Mikwcliemisclie Analyse, 
3rd ed., p. 40. 

Sec. 66. 

3. Indium, In, 114‘8. 

Indium was first discovered in Freiberg zinc blende and the zinc pre- 
pared from it, and subsequently in some other zinc blendes and in 
timgsten ore. 

1. Indium is a white, very lustrous metal re.sembliiig platinum in its 
colour. It is very soft, ductile, makes a mark on pa})er, and can bo 
polished. It is slowly oxidisc'd on contact with air and water, but less 
readily than zinc. Its specific gravity is 7*28. Indium melts at 155° ; 
when heated on charcoal by means of the blowpipe, it forms a lustrous 
metallic film, colours the flame blue, and yields a deposit which is dark 
yellow wdiile hot and pale yellow on cooling, and can be volatilised with 
difiiculty by means of the blowpipe flame. Indium dissolves slowly in the 
cold, more rapidly on heating, in dilute hydrochloric and sulphuric acids, 
with the evolution of hydrogen ; when treated \vith cold concentrated 
sulphuric acid it also liberates hydrogen, while anhydrous indium sulphate 
separates ; indium is also readily soluble in nitric acid, even when cold 
and dilute. Indium, as is shown by its chlorides, is tnonovalcjii, divalent, 
and, in most of its compounds, irivalcnl. Only the trivalent compounds 
are stable in aqueous solution. 

2. Indium oxide, liioOg, is reddish-brown while hot, but light yellow 
when cold, and it doi'S not colour glass fluxes. WIkmi ignited with hydrogen 
or w ith charcoal it is readily reduced, and if a flux is also present, metallic 
globules are obtained. The ignited oxide dissolves .slowly in cold, but 
rapidly and completely in hot, acids. 

3. Indium salts arc colourless ; the sulphate and nitrate, and also the 
volatile hydroscopic chloride, are readily soluble in water. 

4. Potassium and sodium hydroxides and ammonia precipitate from 

solutions of the salts a voluminous white hydroxide resembling aluminium 
hydroxide in appearance. Tartaric acid inhibits the precipitation. The 
precipitate is soluble in solutions^! potassium and sodium hydroxides, 
but the resulting solution soon becomes turbid, and when boiled or 
treated with ammonium chloride gives a precipitate of indium hydroxide. 
Ammonia solution docs not dissolve the hydroxide. « 
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6. Alkali carbonates give a gelatinous whit^e precipitate of indium car- 
bonate. When freshly precipitated, this dissolves in ammonium carbonate 
solution, but not in potassium or sodium carbonato solution ; on boiling 
its ammonium carbonate solution it is re-precipitated. 

6. Barium carbonate precipitates the whole of the indium in the form 
of basic salts when boiled with solutions of indium salts, or oven when 
digested with them in the told. (Fundamental distinction and means of 
separation from zinc, manganese, cobalt, nickel, and ferrous iops.) 

7. Disofiinm hydrogen 'phosphate gives a voluminous white precipitate. 

8. Alkali oxalates produce a crystalline precipitate in concentrated 
neutral solutions. 

9. Sodium acetate precipitates indium sulphate from a nearly neutral 
boiling solution of indium sulphate*. 

10. Hydrogen sulphide precipitates the whole of the indium as yellow, 
possibly hj’drated indium snlphide, 111.^83, from neutral or acetic acid 
solutions (even those in which the acetic acid is present in large excess) ; 
it produces no precipitate in solutions strongly acidified M’itli mineral 
acids, if at all concentrated, but on making the solutions very dilute 
yellow indium sulphide is precipitated. 

11. Hydrogen sulphide produces in alkaline solutions and ammonium 
sulphide in neutral solutions a white precij)itate (possibly indium hydto- 
sulphide or ammonium indium suljdiide). When yellow indium sulphide 
is boiled with yellow ammonium sulphide, it, too, becomes white and 
partially dissolves. On cooling the liquid, a voluminous white jnecijiitato 
is formed, which is similar to that obtained by direct precipitation wi?li 
ammonium sulphide. 

12. Potassium ferroe,yanide gives a white precipitate. 

13. Potassium ferricyanide, thiocyanate, and dichromate do not give 
precipitates, but jjotassium chromate produces a yellow precipitate, 

14 Zinc precipitates metallic indium in the form of white lustrous 
flakea. 

15. On introducing an indium compound into a colourless llamo it 
colours the flame a characteristic bluish- violet. Two distinctive blue 
lines may be observed in the spectrum (a 451'lpp, and )3 410’lpp. See 
Si)ectrum table). If the chloride is used, these appear with greater 
brilliancy, especially the a- line, but are very fugitive. Intlium sulphide 
is most suited for a longer examination of the indium spectrum. 

16. For the microchemical detection of indium, .see Ifuys.se, Zeitsrh. anal. 
Chem.f 39, 10, and Behrens- Kley, Mikrochemische Analyse, 3rd ed., p. 82. 

Sec. 67. 

4. Gallium, Ga, 69 6. 

1. Gallium is widely distributed, .but only in small quantities. It 
has been found in many zinc blendes and bauxites, and also in some other 
minerals. Gallium is a white metal ; it is silver- white in the fused con* 
dition, but on solidification becomes crystalline, bluish- white, and less 
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lustrous. It melts at 30*16°, and has a specific gravity of 5*956 at 24*5°. 
It is hard, not very ductile, does not alter at the ordinary temperature, is 
only slightly oxidised when heated to redness, and does not volatilise at 
that temperature. Wat(‘r, even when boiling, is not decomposed by 
gallium. Nitric acid has no appreciable action upon the metal in the 
cold, but when lieated di.ssolves it, with the evolution gf red vapours. 
It is retidily soluble in hydrochloric a(;id and in potassium hydroxide and 
ammonia salutions, with tlic evolution of oxygen. Callium is dmilent 
an^ trivaknt in its compounds. 

2. The gallou.s compGumh arc unstable and have reducing properties. 
Gallic oxide, Ca^Oa, is white, as is also its hydroxide. On heating the oxide 
to redness in a current of hydrogen, it sublimes, with partial reduction, 
ju'ohably to a low^er oxide. 

3. The (jidlic sails are colourless or w'liito ; the sulphate and nitrate 
dissolve readily in water, and decompose on ignition ; the sulphate combines 
with ammonium sulphate to form an alum. On boiling the solutions of 
the Huljihate or of the alum, hydrolysis takes place and causes basic salts 
to scjiaiatc. Oallium comliiiu's with chlorine to form gallons chlorine, 
Oad.j (which is easily oxidisable) and galli(i chloride, OaC’I^. The latter 
is a colourless, deliquescent mass, wliich melts at 7.5" and boils at 21. 5' -220°. 
'I’lie volatility of gallic chloiide is manifested even on evaj)orating solu- 
tions containing hydrochloric acid. If, however, sulphuric acid is added 
to the solutions, no loss of gallium takes jilace, cithc'r during the evapora- 
tion of the liquid, or on igniting the residue at a dull red heat (Lecoq de 
Boisbaudran). 

4. . I Ikali hydroxides and ammwia produce a w lute lloccuk'ut precipitate 
of gallic hydroxide, readily soluble in exce.ss of tlu' precij)itajit, in aqueous 
solutions of gallic salts. But if a solution is treated with (wcess of ammonia 
and boiled for a short time, the whole of the gallic ion is precipitated as 
hydroxide. Tartaric acid prevents the precipitation with ammonia. 

5. Alkali carbonates produce white precijiitates ; that produced by 
ammonium carbonate is .soluble in excess of the jirecipitant. 

0. Barium carbonate completely precipitates gallic ion, even in the cold. 

7. Hydrogen sulphide does not jirodiicc a jirceipitatc in acid solutions 
of gallic Balts, nor is a ]ireeij)itatc formed in acetic or tartaric acid solution, 
even in the presence of ammonium acetate or tartrate, provided that no 
other cations capable of being precipitated are present. ‘ In the presence 
of zinc, silver, cojiper, manganese, iron, or ai*senic ions, hydrogen sulphide 
jirecipitates the whole of the gallic ion, together with the suljihides of the 
other metals, from solutions acidified with weak acids (whether as sulphide 
or hydroxide is not certain). 'I’lio gallium precipitate is white. 

8. Am,rnonivm svlphidc also precipitates gallic ion only in the presence 
of the metal ions mentioned. 

9. Ammonium acetate prccipit^‘s nearly the whole of the gallic ion, 

^ The older observations of Lecoq do Boisbaudran, that under certain con- 
ditions the sulphide w as precipitated, appear to be <‘rron('ous. It w as probably 
a question of the hydrolytic separation of the hydroxide. • 
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owing to hydrolytic dissociation, from a dilute boiling solution, but only 
when the procij)itatc is present in not too great a quantity. 

10. Cupric hydroxide, and also manyamus sulphide, coni])letcly pre* 
cipitate gallic ion as hydroxide, in consequence of hydrolytic dissociation. 
When manganous sulphide is used, hydrogen sulpliide is liberated. Gallic 
ion may be separated from many cations, ejj. lead, cobalt, nickel, iron, 
thallium, and beryllium ions and the ions of the rare earth metals, by means 
of cupric hydroxide. 

11. Potassium ferrocyanide produces a bluish precipitate (the colour 
being probably due to the presence of iron compounds), which is less 
soluble in hydrochloric acid than in water, and only dissolv^es when boiled 
with a largo excess of the former. This is a very sensitive reaction. 

12. Gallium compounds show a spectrum charaebTised by two violet 
lines (between G and H, 117-0 and 4(KM/i/t), but this is only very distinct 
in the spark spectrum ; if a gallium compound is introduced into a Bunsen 
dame, only one of these' lines can be faintly elise-eriie'tl. 


Skc. 08. 

5. Vanadium, V, 51. 

Vanadium is a silvery-white to light grey metal, which occurs as 
vanadate in certain rare minerals in considerable proportion, and in small 
amounts is also present in many rocks, clays, and in plant ash. It is also 
found in many metallurgical preielucts, and sometimes in caustic soda, etc. 
It is present in its compounds in the dimleut, trimlent, tetravaknt, and 
peniavaknt condition. Tis spee itic gravity is about 5*8, and its melting 
point 1715° (Ruff and ^[artin). The oxides eeirresponding to the different 
conditions of valency are vamulous oxide, VO, vanadic oxide (vanadium 
trioxidc), V 2 O 3 , vanadium lefroxide, V^O^, also termed vanadyl oxide, and 
the pentoxide V 2 O 5 (vanadic anhydride). 

Vaneidous oxide is dark grey, with a metallic lustre, and is in.soluble in 
water, but dissolve's in dilute acids to form blue solutions of the corre- 
sponding vanadous salts (with a small amount of vanadic salts), which 
bleach organic colouring matters by reduction. 

Vanadic oxide is black, insoluble in acids (with the exception of hydro- 
fluoric acid and nitric acid), and in alkali hydroxide solutions, not red iced 
by ignition in hydrogen, and slowly changes in the air to vanadyl oxide. 
Acid solutions of vanadic salts are green. 

Vanadyl oxide is dark blue, whilst acid solutions containing tctravalent 
vanadium ion are bright blue. 

When heated with nitric acid or aejua regia, or fused with potassium 
nitrate, or ignited in oxygen or air, the lower oxides are converted into the 
pentoxide. This is a non-volatile, fusible substance, which solidifies in 
crystalline form, and has a yellow-ochro colour. When ignited at a red 
heat in hydrogen it is converted into vanadic oxide. When exposed to 
/noist air it absorbs water (forms vanadic acid), and is transformed into a 
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dull red colloidal mays. On contact with a little water it yields d sticky 
mass, which dissolves in a large quantity of cold water (more readily in hot 
water), forming a blood-red liydrosol (A. Ditto, Blitz ^). Vanadic acid 
strongly reddens moist litmus paper. Pentavalent vanadium forms, on 
the one hand, salts in which it is pnvsent in the form of the cations VO"* 
and VO^, and, on the other hand, salts which contain th^ vaaiadium in the 
anion (c/. infra, under fi). 

(a) tSohdhns of .salts with prntavalrnl vanadium in the cation. — The 
stronger acids di.ssolve vanadium pentoxide, forming red or yellow solu- 
tions, which contain the cations VO*.^, VO***, and possdily also to a small 

extent V ; these gradually become green on exf)osure l-o air owing to 

reduction. 

1. When a cold acid solution containing vanadic cation is gradually 
trcat(‘d with ammonia, the li(|uid invarialdy becomes distinctly y(‘llow up 
to the ])oint when the r(‘action bcconu'S alkalim^ (Oarnot). Potassium 
and sodium hydrocidr.s produ(*<' brown ])rccipitatcs, which dissolve in I'xcess 
of the preci])itant to form yellow ish-gn'cn solutions. 

2. When zinc is introduced into a hot diluti* sulphuric acid solution, 
the colour of the lujuid is first changed through green into blue (reduction 
to the tetravalcnt condition), tlu'ii through gri'cnish-blui^ into green 
(reduction to the trivahsit condition), and finally through violet into 
lavender-blue (reduction to the divahait condition). . 1 mtnonia precipitates 
brown, readily oxidi.sablig vanadous hv<lroxide from this last solution. 

3. Sulphur dioxide, fn/diogcn sulphide (with si'paration of sulphur), 
oxalic acid, etc., reduce acid solutions containing \anadium cations, but 
only up to the tetravalcnt condition, and thence the liquids only become 
blue. On boiling vanadium pcsitoxide w'lth concentrated hf/drochloric acid, 
chlorine is evolved and chlorides or oxychlorides arc formed, some of 
which contain jicntavalent and others tetravalcnt vanadium (Bosenheim). 

4. Ammonium sulphide produci's a brown preeijiitate of vanadium 
sulphide (V.^Sj), which dissolves with some dilliculty in exc(*ss of the 
precipitant, forming a red- brown solution. Acids pri'cipitate brown 
vanadium siiljihide from this solution. 

.'). Potassium ferroci/anide produces a flocculent green precijiitato 
which does not dissolve in acids. 

6. I'annic, acid jiroduces a blue-black precipitate in solutions which 
contain only a little free acid. 

7. On treating an acid solution containing vanadium cation with 
alkali carbonate until the free acid is nearly neutralised, and then with 
mercurous nitrate ami on (.veess of precipitated mercuric oxide, the vanadium 
ion is completely precipitated as mercurous vanadate. On igniting the 
preci])itate vanadium pentoxide is obtained. 

{fi) Vanadates. — rentavalent vanadium forms a whole scries of different 
and especially of complex ajiionsjlof which only the ortho-, pyro-, and 
meta vanadates, VO4'", VgO^'^'and VO3', can be mentioned here. A anadium 
minerals usually contain ortho salts. The soluble ortho salts arc converted 
1 Btr., 37, 1098. 
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even oil standing in aqueous solution, tiirough iiydrolysis, and the insoluble 
salts on the addition of acid, into vanadates containing a smaller cation, 
and eventually into nietavanadates. The same remark applies to the 
pyrovanadates, in the solutions of whieli metavanadates are readily formed, 
even on the introduction of carbon dioxide. Alkali vanadates are obtained 
by dissolving va^rtadium pentoxidc in potassium or sodium hydroxide 
solution, or by fusing vanadium pentoxide with alkali carbonates or 
nitrates. The solutions arc colourless. 

1. On introducing solid ammonium chloride into a neutral or alkaline 
solution of a vanadate jireviously heated to 30'^-40°, the whole of tlio 
vanadate ion separates as colourless crystalline ammmium rnetnvanadate, 
which is insoluble in ammonium chloride solution, and which, when ignited 
in oxygen, leaves a residue of pure vanadium pentoxide. This is a par- 
ticularly characteristic reaction. 

2. Solutions of the alkali nu't a vanadates are reddened by .'strong ncul<<, 
owing to the formation of divanadates (condensed in the manner of 
dichromates). 

3. Barium chloride, but not strontium or calcium chloride (distinction 
from phos})liate and aiscnate ions. Oarnot), silver nitrate, and lead acetate 
produce in solutions of alkali (meta) vanadates yellow ])re(‘i])itates, which 
become colourless on standing, and more rapidly when heated. 

-J. The following reactions enable the (lift’cr(‘nt vanadates to be dis- 
tinguished. ('opper salts give with metavanadates a ])ulverulent pre- 
cipitati^ varying from blue to yi'llow, and with orthovanadatt's an apple- 
green preci])itate. Lead salts give a white' precipitate, and silver salts an 
orange-red preci[ntate with ortliovaiiadatcs, the latter being characteristic 
of these salts {cf. (’hilcsotti, .Vlx'gg's Uaudltnch, V'ol. 111., pp. 757, 
765). 

5. Soluble uraugl salts jirecipitate if)aut/l ammonium vanadate, 
(U 02 )NH 4 V ()4 j H.jO, from an ammoniacal .solution (or also from one 
slightly acidilied with acetic acid) which has been treated with ammonium 
acetate. (Method of separating vanadate ion from the ions of the alkalis 
and earths and from manganese, zinc, and cupric ions.) 

0. A boiling solution of manganous chloride, containing ammonium 
chloride iirccipitatcs manganous vanadate from a boiling vanadate solution 
which has bi'cn treated with ammonium chloiide and ammonia. (Method 
of separating vanadate icm from molybdate ion.) 

7. When mixed with aniline hydrochUrride alkali vanadate solutions 
yield vanadium tidrachloride and aniline black. 

8. Ammonium sulphide acts in the same way as upon the compounds 
mentioned in (a). 

9. The same remark applies to tannic acid in the presence of acetic acid. 

10. On shaking an acidified solution of an alkali vanadate with hydrogen 
peroxide the solution becomes red, o* when verj dilute, brownish-pink, 
owing to the formation of pervanadate. If the liquid is then shaken with 
ether it retains its colour, while the ether remains •colourless. 1’his is a 
very sensitive reaction (Wcrtlier). The disturbing influence of iron ion may 
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be eliminated by the addition of plmsjdioric acid. Excess of hydrogen 
peroxide produces partial decolorisation (A. Weller). 

11. A solution of vanadium j)entoxide in concentrated sulphuric acid 
gives with dnjrhnine sulphate a bluish- violet coloration, subsequently 
changing to ])ink. This is a very sensitive reaction. 

12. Honu' dissolves vanadates in the inner and oufcr tlame, forming 
transpar 'lit beads, fn th(^ outer llamo these arc yellow, orange, or dark 
yellowish-brown while hot, and colourless (or yellow when a large amount 
of vanadates is jirasent) when eold ; in tlie irmer llame they are a fine green, 
or brovnish in presence of a large amount, and then only appear green after 
cooling. 9’he alkali phosphate bead is brownish-r(‘d in the outer flame 
when hot (sensitive reaction) and orange to yellow when cold. In the imicr 
flame the bead appears brownish-green while hot, and is the same colour 
after cooling. 

12. For the aiinorhemiral (kteetiou of vanadium, see Ilaushofer, Mikro- 
skopisrfie lUaklioneUy p. 132, and Behrens-KIey, Milcroehcniischc Avalifse, 
3rd ed., p. 130. 

Fifth Oroup. 

Ions of the heavy Metals with Sulphides insoluble in Acids 
and Alkali Sulphide Solutions. 

Meinliors of frequent oceuri’ence : Silver, Mercury as mercurous 
and mercuric ions, Lead, Bismuth, Copper, Cadmium. 

Members of rarer occurrence : Ruthenium, Rhodium, Palladium, 
Osmium. 

Sec. 60. 

Characteristics of the Group. 

Position in the periodic system.— The fiftli analytical group 
im^liules a whole series of heavy metals, which all occupy positions 
in the middle of the dilTcrent great periods. Of tho members of the 
first great period, copper, which is conshh'rably more “noble'’ 
{i.e. less strongly elee.tro-positivo) than its neighbours in this period, 
belongs to this group, whilst the remainder belong to the fourtli 
analytical group. Then come the elements which occu])y adjoining 
positions in tho middle of tho second great period : ruthenium, 
rhodium, silver, and cadmium; whilst from the middle of the third 
and fourtli great periods come the elements ; osmium, mercury, 
lead, and bismuth, interrupted only on the one hand by the elements : 
iridium, platinum, and gold, wliich are again very closely related 
to each other, and, on the ofclier Mind, by thallium. If wo take into 
consideration the fact that the boundaries of (Iroujis IV. and V. 
(or of V. and VI.) are by no means sharp, the similar behaviour 

18 
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of the 'metals occupying positions in the midrllc of the great periods, 
and following each other in the order of their atomic weights, 
becomes still more evident. They are more “ noble ” (less strongly 
electrO'positive) oii the one hand, in proymrtion as they approach 
more nearly to the iniddlv of the great periods, and on t he other hand, 
in proportion to the magnitude of their atomic weights. The salts 
of all the members of the fifth analytical grouj), with the exce])tion 
of those of silver, show a tendency, though not a ])ronounced one, 
towards hydrolysis. 

Analytical character of the Group— The sulphides of the metals 
of the fifth group arc insoluble both in dilute acids and in alkali 
sul])hide solutions ; i hence the ions of this gro\ij) are completely pre- 
cipitated by hydrogen sul])hide from tluur solutions, whether these 
are neutral or contain free acid (in moderate cpiantity) or free alkali. 

The fact that the solutions of ions of tlie fifth grou]) yield pre- 
cipitates with hydrogen suli)hide, even in the presence of a free strong 
acid, distinguishes them from the ions of the fourth group, as indeed 
from those of all previous groups (seep. 217, footnote 2, and the 
other references given there). 

A better survey of the ions of frequent occurrence of this group 
may be obtained by classifying them into — 

1. Ions frecifitated by hydrochloric acid : Silver, mercurous, and 
lead ions. 

2. Ions not 'precipitated by hydrochloric acid : Mercuric, cupric, 
bismuth, and cadmium ions. 

Attention must be directed to load ion in both divisions, because 
the sparing solubility of its chloride makes it ]»ossible for it to be 
mistaken for mercurous or silver ions, fuit does not afl’ord the means 
of separating it completely from the ions of the second division. 

Special Reactions of the MEMiiKPvS or the Fifth (Iroup of 
F requent Occcrrence. 

First Division. 

Ions precipitated by hydrochloric acid. 

Sec. 70. 

(a) Silver, Ag, 107-88. 

1. Silver is monovalent. Metallic silver is white, very lustrous, 
moderately hard, very ductile, and^fuses with some difliculty at 902°. 
Its specific gravity is 10*5. It does not tccomc oxidised on exposure 

^ Compare, however, tho behaviour of coj»|)cr, uiertury, uud bibmuth, to 
which this rule is only partially ai)phcable. 
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to the air. Silver dissolves readily in dilute nitric acid, and, if 
finely divided, is soinowhat soluble in dilute (1 : 4) sul[»liuric acid 
(Carey Lea). It dissolves in hot concentrated sulphuric, acid, with the 
evolution of sulphur dioxide, but is insoluble in hydrochloric acid. 

2. Silver oxide, is a greyish-brown powtler, which is not 

absolutely insoluble in water, and dissolves readily in dilute nitric 
acid ; it is i strong base. When heated it is dcc.oinposed, as is also 
thfi peroxide, AgoOo, into oxygen and metallic silver. >Silver docs 
not form a hydroxide. 

3. 'riie suits of silver are not volatile, and arc usually colourless ; 
many of them become black on (‘xposurc to the light, Tlu' soluble 
neutral salts do not aifect litmus jkijxm* ; thev are decomposed on 
ignition. 

Silver salts are decomposed bif •matnf redneimf aqents, with the 
separation of 'metalliesilixr, as ejj, silver ( blonde by sodium liydi’oxidc 
solution and sugar, or by formaldebyde ; ammoniacal or acetic 
acid solutions of silver salts by hydrazine oi’ liydroxylamine salts 
(Knocvenagel and Kbler) ; silvcT solutions tn-aled with sodium 
acetate and boiled with livdro(juinone (distinction from lead ion) 
(Lidholm, (hem. Zeiitr , ibob, L, 771) : ummomacal solutions when 
heated with fairly concentrated potassiiini li\(lroxide solution and a 
few drops of glycerin (L. J)onatli, ('hem. Ze/t.. 32, 029). (Method 
of detecting very small (piantitu's of siKan- ion , ef. also II and 12.) 

4. Hydrogen sulphide and also ammonium sulphide produce in 

solutions of silver ion a hlaeh precipitate of silver sulphide, AgoH, 
which is insolulile in dilute acids, alkali hvdroxidi', and alkali sul- 
phide solutions, but dissolves in potassium cyanidi' solution. It 
is readily decomposed by boiling nitric, acid and dissolves, while 
sulphur separates. 

Ammoniuni ihioaeetate also precipitat(\s silver sulphide. 

5. Sodium thiosulphate, when added in snudl projmrtion. [iro- 
duces a ivhite precipitate, which on heatimf is converted into black 
silver sulphide. The white precipitate is soluble in e.rce.'is of the 
precipitant, forming a solution, which, in the absence of free acid, 
remains clear even when boiled. In the presence of free acid, silver 
sulphide is precipitated from the hot liquid. 

6. Potassium and sodium hydroxides precipitate silver oxide, 
AgoO, in the form of a grey i.sh- brown jiowder, which does not dis- 
solve in excess of the precip>t.ant,\ut is readily soluble in ammonia 
solution. 

7. Ammonia juoduces a brown precipitate of silver oxide, but 
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only wRen it is added in very small pro])ortion to neutral solutions of 
silver salts. This })rcei})itate is readily soluble in excess of ammonia 
solution, silver ammonium hydroxide, Ajrr((NIl 3 ).ft-f i(01l)n, being 
formed. No preeijutate is formed in acid solutions of silver salts. 

8. HydroQhlccic acid and soluble chlorides produce a tvhite 
caseous precipitate of silver chloride, AgC'l. \\ hen the solution is 
veiy dilute only a bluish-white opalescence is at first ])rrdiiccd, but 
on standing for some time in a warm place the sdver chloride collcyts 
at the bottom of the vessel. Silver chloride, when exposed to the 
light, changes from white to violet and finally black, meanwhile 
losing chlorine. It is insoluhle in mine acid, but dissolves readily in 
ammoma solution, probably as silver di-ammonium chloride, 
Ag(Nn 3 )j,Cl. It may be separated again from this com[)Ound by 
means of acid. Concentrated h}drochloriG acid and concentrated 
solutions of alkali chlorides dissolve silver chloride to a very appre- 
ciable extent, especially (ui lu'ating, but on diluting the solution the 
silver chloride is re-})reci])itatcd. Potassium cyanide and sodium 
thiosulphate readdy dissolve silver chloride. When heated, silver 
chloride nielts without decom[)osition, and on cooling yields a trans- 
lucent horn-likc mass. Silver chlori(h‘ is reduced by zinc and dilute 
sulphuric acid to metallic zinc, while zinc chloride is formed. It is 
also reduced to silver when ignited in a current of hydrogen or fused 
with sodium carbonate. 

9. Potassium iodide produces a white precipitate of silver 
iodide, Agl. 

10. Potassium chiomate jiroduces in solutions, which arc not too 
dilute, a dark brownish-red jirecijiitatc of silver chronuUe, Ag.j('r 04 , 
which is readily soluble in nitric acid, dilute sulphuric acid, and 
ammonia solution. 

11. On treating a neutral or ammoniacal solution of a silver 
salt with a clear solution of ferrous sulphate to which tartaric acid 
and excess of ammonia have been added, a jinely pulverulent black 
precipitate separates, even when the solution was very dilute, Further 
investigation is required to determine whether this precipitate is 
silver suboxide, Ag 40 , or, as apjiears probable from the work of 
Friedhcim, is a mixture of silver and silver oxide contaminated 
with organic matter. Ferrous sulphate by t^sc^ precijiitates metallic 
silver from neutral solutions of silver salts in the form of a grey 
precipitate. This precipitation IiIkcs place gradually in the cold, 
but more quickly on heating. The separated silver sometimes 

t)adheres as a mirror to the sides of the glass vessel. 
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12. On adding chromic nitrate and alkaJi hfdroxide to a solution 
of a silver salt, metallic silver separates as a black precipitate (or 
in the case of very .small quantities of silver as a brownish turbidity). 
This is a very sensitive reaction, which is suital)le for the detection 
of small amounts of silver in metal objects. A litth^ of the siib.stance 
is filed off and dissolved in nitric acid (Malatesta and I)i Nola, Chem. 
Zentr., 19:3, 11., 955). 

•> 13. When solid silver compounds are mixed with sodium car- 
bonate in a hollow on charcoal and ex[>osed to the inner blowpipe 
flame, hstroua white nwUeaUe nietallie filohides are obtained, with or 
without the simultaneous formation of a dark red deposit. The 
reduction is also easily effected on i*harcoal sticks (}>. 88). 

11. Silver compounds dissolve in alkali phosphate and borax 
to form beads which art' yellowi.sh to opah'.scent in the outer flame, 
and greyish' white in the reducing flame. 

15. For tlie nticroehoitiral deleetion of silver, see Haushofer, 
Mikroskopische Reakfioneii. j). 117 ; Belinms-Kle.y, Mikrocheimsche 
Anahjse, 3rd ed., ]>. 120; Stiumg, Ber., 18, Kef. 3)15; Schoorl, 
Zcitsch. anal. Chem.. 47, 221. 

8ec. 71. 

(b) Mercury, Ifg, 200 0 (as mercurous ion, llg “o)* 

Merearif is divalent, and forms tw'o series of compounds : the 
mercurous com[)Ounds with the cation llg".), and the mercuric 
compounds with the cation Hg". Since these twm series of com- 
pounds are sharjily difl’erentiated atialytically, fliey are dealt with 
in se[)arate sections. The metcaroas compounds are first described. 

1. Metallic inercury has a s|)eciric gravity of 13*5, is silvery- 
white, mirror-like, liquid at the ordinary temperature, solidifies at 
—39'', and boils at 357'3''. It dis, solves in cold dilute nitric acid to 
form mercurous nitrate, and in the hot concentrated acid to form 
mercuric nitrate. It is in.soluble in hydrochloric acid, and only 
dissolves with difficulty when potassium chlorate is added to that 
acid (Lecco). It does not dissolve in dilute sulphuric acid. Con- 
centrated boiling sul])huric acid dissolves it, whilst highly con- 
centrated acid has some solvent action, even in the cold, sulphur 
dioxide being formed. 

Mcrc/ury vapour, even wllcn present only in slight traces, may be easily 
deto(!ted by causing it to act upon ]mper iq)on which stripes have been 
made with aminoniacal silver solution. These are soon turned black, 
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owing to the reduction of tlie silver salt (Mergct). Or the vapour may be 
brought into contact with a solution of auric cliloridc, free from nitric 
acid, and is then al)sorbcd, with the formation of mercuric ion and separa- 
tion of metallic gold, w liieh separates in a tilm or sjwts and streaks (Barfoed). 

Mercury vapouj'^ in the air may be detected by passing the air over 
genuine gold-leaf, and introducing this into a (leissler tube piovided with 
the necessary stopcocks. The air is first removed from this by repeatedly 
exhausting it and filling it with hydrogen, and on then exlihusting the 
tube, conducting an induction current through it, and examining it w'th 
the spectroscope, the characteristic green lino CAGufx, and also in the 
presence of a considerable quantity of mercury the blue line 4r)6/i/i, may 
be recognised. This is a very sensitive method (r/. 'J’rcadwell, Qualitative 
Analysis, 6th ed,, p. 475). 

2 . Mercurous oxide, IIg2(), is a black powder, w'hich volatilises 
with decomposition when lieated. and is readily soliilile in nitric 
acid. Mercurous hydroxid(‘ is not dolinitely known to exist, and in 
any case is unstable. 

3 . The mercurous sails volatilise with decomposition on heating. 
Mercurous chloride (calomel) and mercurous bromide volatilise 
without decomposition . Most of the nu'rcurous salts are colourless. 
The soluble salts in the neutral condition redden litmus, owing to 
hydrolysis. They are converted by the action of a large amount of 
water into basic salt with the liberation of aiid, c.//., Hg2(N03)2-f 
=Hg2(0H)N()3-|-IIN03. Mence, wiien m(*rcurous nitrate is treated 
with water free from acid, part of it separates as a yellow basic 
salt, whilst the remainder dissohes owing to the aidion of the acid 
produced. 

4. Hydrogen sulphide and also ammonium sulphide produce 
bl((cJc precipitates, which arc insoluble rn dilute acids and also in 
potassium cyanide solution. These precipitates (when ammonium 
polysulphide has not been used) consist of mixtures of mercuric 
sulphide, HgS, with jively divukd metallic mercury. A solution of 
sodium monosul])hide dissolves such precipitates in the presence 
of ‘a little sodium hydroxide, while metallic mercury is separated, 
and sodium ])olysulphidc solution dissolves them without such 
separatioti. The resulting solution contains mercuric sulpho 
anions ; on the addition of ammonium chloride, mercuric sulphide 
is precipitated. Boiling dilute nitric acid dissolves the metallic 
mercury as mercuric ion from the precipitate jiroduced by hydrogen 
sulphide, whilst the mercuric sulpHldc remains undissolved. The 
mercury reacts with boiling concentrated nitric acid to form a white 
double compound, 2 Hg 8 -l- Hli(N03)2, and it is readily decomposed 
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and dissolved by aqua regia or by liydrocliloric acid and poiassiuin 
chlorate. 

Sodium fliiofiulphafe ])rodur.(‘s a black precipitate of sul[)hide in 
acid solutions of mercurous salts. 

5, Potassium hydroxide and sodium hydroxide give a black 
precipitate of mercurous oxide containing metallic juercury and 
mercuric o.ddc ; this precipitate is insoluble in excess of the pre- 
cipitant. Ammonia produces in very dilute solutions a grnj pre- 
cipitate }ind in concentrated solutions a black precipitate, which arc 
soluble, with decomposition, in excess of the precipitant. When 
the ammonia was added in excess, these ])recipitates consist of 
mixtures of finely divided mercury with the white precipitates which 
ammonia produces in the solutions of the respect ive mercuric salts 
(Lefort, Barfoed). (./. Hec'. 74, 5. 

G. Hydrochloric acid and soluble chlorides produce an exceedingly 
while, finely pulverulent ])reci|)itate of mercurous ddoride (calomel), 
J|go(ll 2 . This is insoluble in cold hydrochloric and nitric acids, 
which, however, slowly dissolve it on boiling, hydrochloric acid 
(;onverting it into metallic mercury and mercuric ion (together with 
chlorine ion), whilst nitric acid converts it complct(‘ly into mercuric 
ion (together with chlorine and nitrate ions), . \qua reifia and chlorine 
water readily dissolve mercurous chlorkh*, converting it into mercuric 
chloride. Ammomn and polassium and sodium hydroxides decompose 
mercurous chloride, tlu'. first yielding a black mixtaire of very finely 
divided mercurv with the so-called infiusible white precipitate 
(Sec. 71, f)). 'riie black precipitate produced by potassium and 
sodium h}droxidcs is a mixture of mercurous oxide with finely 
divided nu'rcury and nnu'curic oxide (Barfoed). 

7. Botassium iodide, added in small propoition to a solution of 
a mercurous .salt, produces a green precipitate of mercurous iodide, 
which is soluble in excess of potassium iodide solution as 
mercuric ]»otassium iodide, with the se])aration of metallic mercury. 
Ifence, oji adding excess of pota.ssium iodide, a grey precipitate of 
mercury is immediately produced. 

b. When a droj) of a neutral or slightly acid solution of a mer- 
curous salt is ap])lied to bright copper, and the surface of the metal 
washed after some time, the spot, when gently rubbed with wool, 
paper, etc. , ap[)cars silvery-white and lustrous. On heating the copper 
gently, the a})parent silver {)lating disappears, owing to the volatilisa- 
tion of the mercury. Solutions of mercurous salts behave towards 
metahs in the same way as solutions of mercuric salts (c/. Sec. 74, 9).. 
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9. Stannous chloride, when added in very small proportion in 
very dilute solution to tlie solutions of mercurous salts, gives a white 
precipitate of mercurous chloride. On the addition of any considerable 
quantity of stannous chloride the white precipitate, which appears 
momentarily , ^chifjgcs into a grey mixture of mercurous chloride with 
finely divided mercury. When an excess of stannous chforide is 
added the grey piecipitate is converted into a black cfuo of finely 
divided metallic nurcary. This may be made to coalesce Aito 
globules of mercury by allowing the preci[)itatc to subside, and, sifter 
decanting the su])ernatant liquid, boiling the residue with hydro- 
chloric acid, to w'hich a little more stannous chloride has been added 
(cf. also Sec. 74, (i). 

10. Potassium chromate ])roduces in not too dilute solutions of 
mercurous salts a bright red jirecipitate of basic mercurous chromite, 
3 Hg 2 Cr 04 -l-Hg 20 , which dissolves with some dilliculty in nitric 
acid. 

11. A solution of diphenglearbazidc in alcohol gives a bluish- 
violet coloration wdth neutral or slightly acid solutions of mercurous 
salts. This is a very seasitive reaction, which, however, is masked 
by copper ion and inhibited by zinc ion. (The reagent must bo 
quite white ; if not, it must be rccrystallised from acetone). 

12. When aidiydrous mercurous compounds are intimately 
mixed with anhydrous sodium carbonate, and the mixture intro- 
duced into a glass tube closed by fusion at the lower end, covered 
with a layer of sodium carbonate, and strongly heated, there is 
invariably a decomposition in which metallic mercury is liberated. 
It is deposited as a grey sublimate above the place which was heated, 
and this may be seen with the aid of a lens or a microscope to bo 
composed of globules of mercury. On rubbing the sublimate with 
a glass rod, the fine particles of mercury coale.sce into larger globules. 
When a very small granule of iodine is placed close to the deposit, 
after cooling, and gentle heat is a])plied, the sublimate is converted 
into mercuric iodide. As a rule this i.s red at first and can then easily 
be seen, but sometimes it may be yellow at first and is then not so 
readily recognised. But if the tube is allowed to stand for some time 
the yellow iodide is transformed into the red modification. The 
conversion of mercury sublimate into an iodide deposit may also be 
effected by passing the tube containing the sublimate through a 
hole in cardboard and suspending it wifh its open end downwards 
in a small beaker containing iodine (Nega). 

" 13. With regard to the microchemical detection of mercurous 
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compounds, see Haushofcr, Mikroxko'pinchc Reaklionen, p. Ill ; 
Behrens-Kley, Mihrochemische Analifsc, M ed., p. 116; Sclioorl, 
Zeitsch. anal. Chem., 47, 218. 


Se('. 72. 

(c) Lead, Pb, 207 ^O. 

»1. D‘ad is divalent and teimvalent in its eonipounds. Metallic 
lead is bluish-j^rey, lustrous when freshly cut, soft, readily fusible 
(at 827'), and volatilises at a white beat. Its specific gravity is 
11 “36. When fused on charcoal by jueans of the l)lowpi])C it forms 
a deposit of yellow o.xide on t be cliarcoal. It is but little attacked 
by h}alrochloric acid and niod(*rately concentrated sulj)huric acid, 
even on heating, but dilute nitric acid dissolves it readily, especially 
when hot. 

2. Lead oxide (litharge), PbO, is a yellow or reddish-yellow 

])ow(ler, which appears brownish-red when hot ; it is fusible at white 
lieat. Ijcad h}alroxidc, PI>(Oil)o, is white'; tin* plutnbites with the 
anions Pl)0"o or (H(j)hl)()' are derived from it. Both are dissolved 
bj' nitric and acetic acids. Lead peroxide, PbOo, js brown, is con- 
verted by ignition into lead oxide, and is not soluble in hot nitric 
acid, but dissolves readily when a little sugar, alcohol, or hydrogen 
peroxide is added. The solution contains the ions of lead nitrate. 
Lead sf’squioxide^ I’b^O..^, and red lead, must be regarded as 

lead salts of plunthie aeid, Pb(()H) 4 , Pbt)(OoPb), and Pb(()oPb)o. 
The sesquioxide is yellow, and red h'ad is red. Nitric acid dissolves 
the lead cation from tlumi, and leaves lead peroxide'. 

3. The salts which contain divalent lead are not volatile, and 
are usually colourless ; the neutral salts soluble in water redden 
litmus in con.sequence of hydrolysis, and are decomposed on ignition. 
Of tin; insoluble salts only a f('w^ e.g. lead carbonate, PbC 03 , are 
decomposed on ignition. Lead chloride, PbOL, when ignited in the 
juesence of air, is partially volatilised, and leaves a residue of lead 
oxychloride. 

4. Hydrogen sulphide and also ammonium sulphide jiroduce 
a black preeijntate of lead sulphide, PbS, insoluble in cold dilute acids 
and in alkali, alkali suljdiide, and 2)otassiu7n cyanide solutions. The 
jrrecipitate is decomposed by hot nitric acid. If the nitric acid is 
dilute the whole of the load is*dissolved, whilst sulphur separates, 
but if it is fuming acid the sulphur is also completely oxidised, and 
only insoluble lead sul])hato is obtained ; in the case of acid of 
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mediuhi concentration, both processes occur, i.e. part of the lead is 
dissolved as lead nitrate, whilst the remainder separates as lead 
sulphate, together with the unoxidised sulphur. If a solution of a 
load salt contains a large excess of a concentrated mineral acid, no 
precipitate i,s produced by hydrogen sulphide until after dilution 
with water, or until the acid has been partially neutralised with 
alkali hydroxide. The reaction rb-’-l-H^S^PhS+i^H' thus only 
proceeds to a pronounced extent from left to right (practicttlly 
complete precipitation of the lead sulphide) when the hydrogen 
ion concentration is small. If it is high the process is retarded or 
entirely inhibited. When a lead solution is treated with hydrogen 
sulphide in the presence of much free hydrochloric acid, a red pre- 
cipitate of lead sulphochloride, PboSClo. is sometimes obtained, but 
this is gradually converted by excess of hy drogen sulphide into black 
lead sulphide. 

5. Ammonium thioacetote produces in a cold hydrochloric acid 
solution of lead salts a red j)n^cipitate (sul])hochloridc), which, on 
heating, is completely converted into black lead sulphide. 

6. Bodiiim thiosulphate giv(‘S a white prccipitat<\ solul>lc in excu'ss 
of the precipitant, with solutions of lead salts. In the jnesence of 
free acid a black precipitate of lead .sulphide is obtained on heating 
the liquid. 

7. Potassium and sodium hydroxides and also ammonia pro- 
duce white precipitates of hijdroxide, or basic salts, whi(*h are insoluble, 
in ammonia, but dmsolre in potassium and sodium hydroxide solutions, 
with the formation of ions ef alkali plumhite, }d)(ONa) 2 , or 
Pb(OH)(OA’a). Ammonia solution, free from carbonates, docs not 
immediately produce a precipitate in .solutions of lead ac('tate, owing 
to its forming .soluble basic lead acetate. 

Hydrogen peroxide, hypochlorites, and persidphates produce a 
precipitate of lead peroxide in alkaline solutions of lead salts. 

8. Sodium carbonate produces in the cold a white preci])itate of 
neutral lead carbonate, and at boiling temperature one of .slightly basic 
carbonatrg which is insoluble in potassium cyanide .solution, but not 
quite insoluble in excess of the prcci])itant. 

9. Hydrochloric acid and soluble chlorides produce in con- 
centrated solutions a heavy white crystalline precipitate of lead chloride, 
PbCl 2 » which is soluble in a large volume of water, especially on heating. 
This is converted by ammonia into lead oxychloride, SPbO.PbClg.HgO, 
which is also a white powder, but is quite insoluble in water. Lead 
•chloride is le.ss soluble in dilute hydrochloric and nitric acids than 
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in water. It is more readily soluble in concentrated hydrochloric 
acid. 

10. Potassium iodide gives a precipitate of yeiloio lead iodide, 

Pblg, which is somewhat soluble in excess of potassium iodide 
solution. 4 

11. Sulphuric acid and sulphates \)YoA\\e<i a white irreci^ntate of 
lead sulphatc^ bb804, which is almost insoluble in \vater and dilute 
acuk. In tlic case of dilute solutions, especially such as contain 
much free acid, the precipitation only takes place after some time, 
often a considerable time. It is advisable to add a fairly large 
excess of dilute sulphuric acid. This increases the sensitiveness of 
the reaction, since lead sulpliaig is more insoluble in dilute sulphuric 
acid than in water. Tlie best method of separating small amounts 
of h'ad sulphate is to (‘vaporate the solution as far as possible, after 
the addition of the sulphuric acid (so as to eliminate the disturbing 
influence of volatile acids, e.tj. nitric acid, upon the lead sulpliate), 
and then to trc'at the residin' with water, or betti'r (wIk'U this is 
jH'rmissible). with alcohol. Ijcad suljdiate is somewhat soluble in 
coiiex'nt.ral.cd nitne acid; boiling concentrated hydrochloric, acid 
dissolves it with some dilliciilty, whilst it dissolves more readily 
in potassium hydioridc solution. Jt also dissolves fairly easily in 
the solutions of some ammonium salts, notably those of ammonium 
acetate and ammonium tartrate, especially on moderate heating, 
owing to the formation of a conijilex anion ; from these solutions it 
is re-precipitated by dilute suljihuric acid. 

12. Potassium chromate produces a yellow ]>recipitatc of lead 
chronutle, I’bthd),!, which is readily soluble in potassium and sodium 
hydroxide solutions, but dissolvi's with difliculty in dilute nitric 
acid, and is insoluble in ammonia solution. 

13. An ac(‘ti(; acid solution of tetranuih if Iduunniodiphenyl methane 
gives witli lead peroxide (but not with lead salts) an intense blue 
coloration ('rrillat, i'ompt. reml., 136, 1205; (hem. Zentr., 1U03, 
II., (iN). This is a very sensitive reaction. The substance is calcined,* 
the ash oxidised with sodium hyjiochlorite and treated with water, 
and tlio filtrate lieat-ed and tested with the reagent. 

14. Lead compounds, when mixed with sodium carbonate in a 
liollow on charcoal and exposed to the reducing flame of the blow- 
pipe, readily yield soft, malleable metal particles. Simultaneously 
the surface of the charcoal* becd!ues coated with a yellow Jilm oj 
lead oxide. The reduction may also be easily eJTecled on charcoal 
sticks (p. 88). 
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15. of mi all ic lead obtained, as described on p. 89, 
is black, extending into a brown film, the oxid£ deposit is pale ochre 
yellow, the iodide deposit deep yellow to lemon-yellow, whilst the 
sulphuk deposit changes from brownish-red to black, and is not 
removed by aovrinonium sulphide (Bunsen). 

16. With regard to the microchemical deleciion of "lead, see 
Haushofer, Milros^lopische Realiionni, p. 25 ; Velircns-Kley, 
Mikrochemische Anahfse, 3rd ed., ]>. 91 ; Schoorl, Zeitsoh. rnaL 
Chem., 47, 211, 211, 710, 715, 719 ; 48, 6G9. 


Se(\ 73. 

Summarij ami Remarks on Gwup F. {Div. /.). 

The members of tlie first division of the fifth grou]) arc differ- 
entiated most dfstinetly by means of their chlorides, the different 
behaviour of which towards water and ammonia solution enaliles 
them to be both detected and separated. Thus, if the ])re('ipitate 
containing the three chlorides is treated with a somewhat large 
amount of water, or is washed repeatedly on the filter with boiling 
water, the lead chloride dissolves, whilst silver chloride and mer- 
curous chloride remain undissolved. The lea<l ion may then be 
easily detected by means of sulphuric acid in the aipieous solution 
of lead chloride. On tlien treating Hk* sibber chloride and mercurous 
chloride with ammonia solution, the mercurous chloride is converted 
into the black precipitate (described more fully above, Sec. 71, 
end of 0). wdiich is insoluble in excess of ammonia solution, whilst 
the silver cldoride dissolves, and may be re-precipitated from this 
solution by adding nitric acid.i (In the case of small amounts it 
is advisable first of all to evaporate most of the ammonia). If, 
however, tlic chlorides were precipitated from a solution which 
contained much mercurous ion and only a little silver ion, the silver 
chloride cannot be comjdetely extracted from them by means of 
ammonia solution, and in ])resencc of a very large excess of mercmous 
chloride it is possible for the whole of the silver chloride to be 
retained by the black mercury precipitate (Moeck^). When, 
therehire, much mercury is present and no silver ion has been found 

1 If the lead chloride has previously been extracted with hot water, but 
without dissolving the whole of it, the animoniacal solution will often show a 
white turbidity {cj. 8cc. 72, 9). In such cases the lead oxychloride may be 
filtered off, and the silver ion detected in the filtrate. 

* According to N. v, Zweigbergk, this is dde to the fact that silver chloride in 
aninioniacal solution forms a silver amalgam with mercury. Hence Zweigbergk 
recommends oxidation by Thiel’s method (see next jiaragraph) or by means of 
sodium hypochlorite and nitric acid {Chem. Zentr., lOlfi, 1. 489). 
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in the filtrate, the hlaclc mercury preci])itate should be ignited in a 
porcelain crucible in a fume cupboard, until the whole of the mercury 
has volatilised, and the residue heated with a few crystals of oxalic 
acid until they too have volatilised, after which the residue is treated 
with hot nitric acid, and tln^ solutioii slightly diluW yrith water, 
and testcKl for silver ion with hydrochloric acid. 

For the d ^tection of silver in the j)resence of mercury, the chlorides 
ma)i also be treated with bromine water, which dissolves the mer- 
curous chloride as a mercuric compound, whilst the silver chloride 
is left (Thiel, (Jhem. Zrnlr.^ 1905, 1., 405). 

For the separation of silver ion from lead ion, or for the detection 
of a small ({uantity of silver ion in tin; }>resence of such lead ion, 
the following methods may be used : (a) A little nitric acid is added 
to the solution and then a mixture of equal parts of ammonia 
solution and hydrogen peroxide, together with some ammonium 
carbonate. Lead ion then separates from the ammoniacal li(piid 
as a reddish-yellow preci[)itate, consisting of a comjiound of peroxide 
and oxide, whilst silver remains in solution. On filtering off the 
j)recipitate, acidifying the filtrate with nitric acid, and adding a 
little hydrochloric acid, the silver ion sejiarati's as silver chloride 
(F. Jaiinasch). (6) Tin* solution containing the lead and silver 
ions is heated with a little nitric acid, treated with a slight excess of 
potassium chromate or dichromate, again heated, and. after the 
addition of an excess of dilute ammonia solut ion, once more heated 
for some time, and filtered. J^ead chromate will be left on the filter, 
whilst the ammoniacal lilt rate will contain the silver chromate. 
On then acidifying the filtrate vith nitric add and adding a little 
hydrochloric acid, the >;ilver ion will be jnecipitated as silver 
chloride (Lh Jannasch i). 


Second Division 

Of the Members of the Fifth Groiep of frequent occurrence. 

Ions not 2 )reci 2 >itated hij hydrochloric acid. 

Sec. 74. 

(a) Mercury (as Mercuric ion, Hg-). 

1. Mercuric oxide, HgO, is cither bright red and cry'stalline, 
becoming a dull yellowish-red powder when rubbed, or, as pre- 

^ For further motlioda of dcU'cting a small amount of silver ion in the 
presence of much lead ion, soc Krutwig, Zeitsch. anal. (Jhem., 22, 428 ; Johnstone, 
Chem. Zenlr., 1890, I., 298. 
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cipitated from a solution of mercuric nitrale or chloride, is a yellow 
powder. Mercuric oxide is not absolutely insoluble in water ; 
exposed to sunlight it gradually turns grey ; when heated, it 
transitorily becomes darker, and is decomposed at a low ignition 
temperature in^o oxygen and mercury. It is readily dissolved by 
hydrochloric and nitric acids. 

2. Most of the nwrctfric salts are colourless. When^ignited they 
volatilise, lieing meanwhile decomposed, with the exception, of 
mercuric chloride (corrosive sublimate), bromide, and iodide, which 
are not decomposed. Mercuric, chloride also volatilises with the 
steam when its solution is boded. The salts are very jioisonous. 
The neutral salts soluble in water redden litmus in conse(pience of 
hydrolysis. Mercuric nitrate and sulidiate are decomposed, when 
treated with a large amount of water, into soluble acid salts and 
insoluble basic salts. 

3. When hydrogen sulphide or ammonium sulphide is added 
in very small proportion to solutions of mercuric salts, and the 
liquid shaken, an absolutely white 'precipitate is obtained ; a some- 
what larger addition causes the preei))itate to be ijelloie, oramje, or 
hrownish-red ; whilst an excess of the reagent produces an ahsolutclij 
black precipitate of mercuric sulphide, JlgS. This (‘hange in the 
colour of the precipitate, according to the (piantity of hydrogen 
sulphide added, distinguishes the mercuric, compounds from all other 
substances. It dej)ends upon the fact that a ivhite doable compound 
of mercuric sulphide with undccomposed mercuric salt, ejj. 2HgS 
-fHgCljj, is first formed, and that this changes into yellow and 
brown compounds richer in sulphide, and finally into jnire sulphide. 
Only traces of mercuric sulphide arc dissolved by ammonium sulphide 
solution, least being dissolved wh(‘n it is digested with hot yellow 
ammonium sulphide. Potassium liydroxidc and potassium cyanide 
solutions do not dissolve mercuric sulphide. Potassium and souium 
sulphide solutions dissolve it complctehf in the pr(;sence of a litlle 
potassium or sodium hydroxide. (Distinction from silver, lead, 
bismuth, and copper ions.) Ammonium cldoride prcci})itate8 
mercuric sulphide from its potassium or sodium sulphide solution. 
Potassium thiocarbonate solution i dissolves mercuric sulphide 
(distinction from silver, lead, bismuth, copper, and cadmium ions), 2 
and it is re-precipitated from its solution therein by carbon dioxide. 

^ See Sec. 59, 13. 

* Cadmium sulphide retain.s a little mercuric sulpliide [Zdlsvli. anal. 

26, 17). 
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(Distinction from palladium ion. Rosenbladt.) In the absence of 
chlorides mercuric sulphide is completely insoluble in dilute nitric acid, 
even on boiling. The long-continued action of hot concentrated 
nitric acid converts it into the white compound, 2HgS-f Hg(N03)2, 
and finally dissolves it as nitrate. ^ 

Concjjntrated hot hydrochloric acid dissolves it fairly easily, 
the cold ncid with more difficulty ; it is insoluble, or nearly so, in 
cold dilute hydrochlorii; acid, but slightly .soluble in the boiling 
dilute acid. Aqua regia or hydrochloric acid and jiotassium chlorate 
readily decompo.se and dis-solve mercuric sulphide. If a solution of a 
mercuric salt contains a large excess of concentrated mineral acid, 
a precipitate is not produced by hydrogen sulphide until the liquid 
has been diluted with water. 

Awmonium thioacclaie, add(‘d in the cold to hydrochloric acid 
solutions of mercuric salts, produc.es a red preci])itatc (mercuric 
sulphocldoride). whilst on heating it gives a black precipitate 
(mercuric, sulj)hid('). 

i^odiuni thiosulp/iale produces in a boiling slightly acid solution 
a wliite precipitat(‘, which changes to orange and finally to black. 
Any mat ('rial (‘xcess of acid influences the reaction, .so that small 
amounts of mercuric jirecipitatc may be conipletidy ma.skcd by the 
separation of sulphur. 

4. Potassium and sodium hydroxides, when added in insufficient 
quantilg to neutral or slightly acid solutions of mercuric salts, t 
produce a rcddish-hrown [irccipitate ; if added in excess, a yellow 
precipitate. The former is a basic salt and the yellow precipitate 
mercuric oxide. The prec.ijiitatc is not soluble in exce.ss of the 
preci})itant. In the case of very acid solutions there is cither no 
])recipitation or only a .slight one ; in the pre.sencc of ammonium 
salts neither red-brown nor yellow jirecipitates arc jiroduccd, but 
white ones. That which is jirecijiitated from mercuric chloride 
solution in the pre.sence of excess of ammonia approximates in com- 
position to the precipitate described in 5 . 

5. Ammonia produces white prccipitate.s very similar to those 
produced by potassium and sodium hydroxides in the presence of 
ammonium chloride ; for example, it precipitates the so-called in- 
fusible white preeijutate, mercuric ammonium chloride, (NH2)HgCl, 
from mercuric chloride solution. If the solution of the mercuric 
salt contains much free acid.,no ])icci])itate is produced by ammonia. 

^ With the cxcoption of nurcuric cyanide, which forma soluble complex 
salts, c.(j. [llg(CM).,ClJK or K,dlg(CN) 
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The wjiite precipitates do not dissolve in ammonia solution, but are 
readily soluble in hydrochloric acid {rf. also 8ec. 30, 11). 

6. Stannous chloride solution, when added in small proportion 
to mercuric chloride solution, or, in the presence of hydrochloric 
acid, to a solution of another men'urie salt, j)rodiice8 a precipitate of 
mercurous eJiloride, 211gt’l2-f-Sn0h--Hg2Cl2-)"SnC]4. If a largo 
amount of the re.igent is added, the mercurous chloride lirst preei|)i- 
tated is reduced to metallic mercury, Hg 2 Cl 2 -f SnOL^bOIgH-SnO^. 
Hence the precipitate, which at first is white, becomes grey, and 
after subsiding may be made to coalesce into globules of mercury 
by boiling it with hydrochloric acid and a little stannous chloride. 

Other reducing {phosphorous acid} hypophosphorous acid, 

and hydrogen peroxide-) also effect a separation in the presence 
of chlorine ion of mercurous chloride from solutions of mercuric 
salts. 

Hydroxylaminc chloride and hydrazine sulphate liberate metallic 
mercury from an ammoniacal solution of a mercuric salt which has 
been treated with tartaric acid.'*^ 

7. Potassium iodide precipitates red mercuric iodide, which 
dissolves in excess of the precipitant as mercuric potassium iodide. 
In the presence of potassium hydroxide, ammonia produces a }a'llow 
precipitate in this solution (cf. 8ec. 30, 10). Klein, and also Dcnigks 
and Moore, recommend this reaction for the detection of small 
amounts of mercury (Zeitsch. anal. Chem., 29, 180, and (diem. Zeit., 
20, 70 ; Chem. Zentr., 1911, II., 989). 

8. Mercuric salts behave towards diphenylcarbazidc in the same 
way as mercurous salt.s. 

9. Metals which are more electropositive than mercury (copper, 
zinc, iron, aluminium) liberate from solutions of racrcurio salts (as 
also from tho.se of mercurous salts) metallic mercury, which, when 
the quantity is in any way considerable, may bo easily identified 
upon copper, as de.scribcd in Sec. 71, 8. 

. In this proce.ss aluminium forms an amalgam, which on exj)osure 
to the air, becomes oxidised, with the formation of alun)ina. The 
mercury amalgamates with more aluminium, and so causes the 
formation of more alumina, which thus, as it were, develops from 
the aluminium. This is a very sensitive reaction, which is also given 
by metallic mercury. 

1 0. V. Ufilar, Zeit^h. anal. Ohem., 34, 301. 

“ Vaiiino and IVoubert, Ber.^ 80, 2001 ; 31, 120. 

3 .Jannascli, Ibid., 31, 2377 ; 37, 22J0 
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This method of separating mercury by the use of finely divided metal 
(brass wool, etc.) is also particularly applicable to the detection of minute 
quantities of mercury, especially in the examination of urine (which must 
be rendered slightly acid) and in toxicological cases. Instead of this method 
electrolytic separation may also be used, a current d(;rived from an outside 
source being conducted into the liquid, or a small element being formed 
which produces the current in the li((uid itself. This element may bo 
composed, e.jj. of jfiatinurn foil and tin foil, the ends of which outside the 
liquid are in contact, whilst the free ends are iinmensed in the liquid which 
is tB be tested for mcicury. Whatever method is used, the metal upon 
which the mercury has been deposited is carefully washed with water 
(also with alcohol and ether in the al)s<mce of organic substances), then 
dried by means of filter paper, and finally heated in a clean dry tube, a 
portion of which has been drawn out into a capillary tube. In this way 
sublimates of mercury are obtained, which, if very minute so that they 
cannot easily be seen, may Ix^ identified more cmtainly by conversion 
into iodidi' (Sec. 71, 12). (For details of the method, reference may be 
made to the general index of the Zdlsrh. an/tl. Cficin.) It need only bo 
mentioned here that in the ease of turbid urine the mercury may be present 
in the deposit (with precipitated albumin), and that the test must be 
applied, therefore, to the unfiltcred urine. 

For the precipitation of very small quantities of mercury by a method 
based upon another principle, see Raaschou, Zeitsch. anal. Chem.y 49, 172 

10. Solid mercuric compounds behave like mercurous compounds 
when mixed with dry .sodium carbonate and heated in a glass tube 
(Sec. 71, 12). 

11. When substances containing mercury arc heated with 
alkali fonnate. liydrogen containing mercury vapour is produced. 
When this is ignited and tlic flame directed against an unglazcd 
porcelain plate, a black stain of mercury is formed (Vournasos, 
Compt. Rend., 150,922). This is a very sensitive reaction. In the 
presence of nitrates violent explosions may occur. 

12. For the microchenmal detection of mercuric compounds, 
see Ilaushofer, Mihroskopl^che Reaktionen, p. 1 12 ; Behrens-Kley, 
Mikroehcniische Analyse, r3rd ed., p. 118; Schoorl, Zeitsch. anal. 
Chem., 47, 218, 221 ; Kniich. Ibid., 54, ofX). 


Sec. 75. 

(b) Copper, Cu, 63 57. 

1 . Copper is ?nono- and dimknt^ Metallic copper has a character- 
istic red colour and pronounced lustre, and is moderately hard, and 
ductile ; its specific gravity is 8d)l. It melts with some difficulty 

19 
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at 1084“ ; in the air (owing to absorption of oxygen) at 1065° ; on 
contact with air and water it becomes coated with green basic 
carbonate, and on ignition in the air, with cuprous and cupric oxides. 
Copper is insoluble, or nearly so, in even boiling hydrochloric and 
dilute sulphuric, acids in the absence of air, but dissolves readily 
in nitric acid, with the formation of nitric oxide, 3CU-I-8HNO3 
=:3Cii(N03)24-2N0+4H2O. Concentrated sulphuric acid dissolves 
copper as cupric sulphate, with the evolution of sul])hur dioxide. 

2. CufroHi^ ox'd^e, CU2O, is red, the so-called cuprous hydroxide 
yellow ; ^ both are converted into cupric oxide when ignited in 
the air. The cuprous halogenides are sparingly soluble and stable ; 
the rest of the cuprous salts are unstable On treating cuprous 
oxide with dilute sulphuric acid, UK'tallic copper separates, whilst 
cupric sulphate dissolves ; when tr(*ated with hydrochloric acid, 
cuprous oxide yields white cuprous chloride, which dissolves in an 
excess of the acid, but is re-precipitated from this solution by the 
addition of water. Cuprous chloride is also soluble in alkali chloride 
solution. Cuprous oxide and the corresponding cuprous salts are 
soluble in ammonia solution 

3. Cwpric oxide (copper oxide), CuO, is a black powder, which 
can be heated to redness without decomposition. When strongly 
ignited, however, it loses oxygen and is partially converted into 
cuprous oxide. Cupric in/droxide, Cu(OIl)2, is light blue. Both 
oxide and hydroxide arc ri'adily soluble in hydro(;hloric, sulphuric, 
and nitric acids. 

4. Of the neutral cupric many are soluble in water, and 
these redden litmus, owing to hydrolysis The cujnic salts of volatile 
acids are decomposed when gently ignited, with the exception of 
copper sulphate (blue vitriol), which can resist a somewhat higher 
temperature. Most of the cupric salts are colourh'ss in the anhydrous 
condition, but blue or green wiien hydrated. Their solutions are 
also usually blue, even when < onsiderably diluted. Cu])ric chloride 
in concentrated solution or in presence of excess of hydrochloiic 
acid is green (the undissociated chloride is green, the cu])ric ion 
blue). 

5. Hydrogen sulphide and ammonium sulphide produce in 
alkaliney neutral, and acid solutions a hrownish-ldack preeijrifate of 
cupric sulphide, CuS (usually mixed with cuprous sulj)hide and 
8ul})}iur). This precipitate tioes dissolve cither in dilute acids, 

^ The existence of a true hyilroxide i.s doubtful. Presumably the yellow 
substance is hydrated e(»lhudal cuprous oxub*. 
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(or in acidified alkali chloride solutions — distinction from cadmium, 
Cushman i), or in alkali hydroxides. Solutions of 'potassium or 
sodium sulphide, free from polysulphidos, dissolve sulphur, but dis- 
solve little, if any, cuprio sulphide, even on heating ; the precipitate 
is appreciably soluble, however, in yellow potasy^um or sodium 
sulphide solution (containing polysulphides) even in the cold 
(A. llbssing, Zeitsch. anal. Chem., 41 , 1). In ammonium sulphide 
solution, however, cupric sulphide is somewhat more soluble, 
es^cially when the ammonium suljihide is very yellow and is used 
hot ; hence this reagent is not well suilea for the separation of cupric 
sulphide from the sulphhles of Croup \'l. (hipric sulphide is readily 
decomposed and dissdml by boiling nil tie acid, but not by boiling 
dilute sulphuric acid. Potassium cyanide solution dissolves freshly 
preci[)itate(i cupric sul[»hi(le readily and completely. If a copper 
solution ('ontains an exces.s of a concentrated mineral acid, no 
precipitate is obtained until after diluting the liquid with water. 
Part of the cupric sulphide sc'paratcs in colloidal form from a neutral 
solution, so that it cannot easily be filtered. The addition of acid 
causes it to flocculate. Ammonium thioaeelate produces a partial 
precipitation of cupric sulpidde in cold acid solutions of cuitric salts, 
and complete precipitation in hot solutions. Sodium thiosulphate. 
decolorises neutral or acid solutions of cupric salts, and gives a 
reddish-brown jjrecipitate (subsequent ly becoming black) of cuprous 
sulphide mixed with sulphur. (Distinction from cadmium ion.) 

0. Acetylene precipitates reddish-brown flocculent cuprous acety- 
lide, (' 2 Cn 2 ll 2 l^> from amnioniacal or tartaric acid solutions of 
copjicr salts which have been reduced with hydroxylamine (and 
thus contain cuprous ion). This affords a means of separating 
co])per ion from many other metalions (Jl. Erdmann and Makowka, 
Zeitseh. anal. Chem., 46 , 128). The acetylene must be used in the 
purified form as gas after washing with lead acetate solution, or in 
aqueous solution prepared from tfie purified gas. Waegner {Zeitseh. 
atial. Chem., 44 , 565) recommends the use of a solution of acetylene, 
in acetone. H. G. Soderbaum [Ihid., 564) recommends jirecipitation 
of coppqr ion from an unreduced solution by means of acetylene gas, 
as a means of separating it from many other metals. In this method 
cupric acetylide is precipitated. 

7. Potassium or sodium hydroxide produces a voluminous liyht 
blue precipitate of cupric hydroxid^ Cu(UH) 2 . When left in contact 
with excess of the precipitant, this loses its water completel} (more 
^ Zaisch. anal. Chem.^ 34, 308. 
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rapidly on heating), and changes into blue-black cupric oxide. When 
a large excess of a concentrated solution of potassium or sodium 
hydroxide is present, the light blue cupric hydroxide dissolves, 
forming a blue solution (or colloidal suspension). 

8. Sodium 9r potassium carbonate produces in solutions of 
cupric salts greenish-blue precipitates of basic carbonates of varying 
composition, whicn on standing in contact with excess of the pre- 
cipitant change into the crystalline salt 3CuC03.3Cu(0H)2.H^0. 
These precipitates dissolve in ammonia solution to form an azure 
blue solution, but give a colourless solution with potassium cyanide. 
When boiled, they lose carbon dioxide and become brownish-black. 

Notes to 7 a7\d 8. — The presence of ammonium salts prevents or 
affects the precipitation by the hydroxides or carbonates of potassium 
or sodium (see 9). Copper forms complex anions with many organic 
substances, so that the precipitation by sodium hydroxide or car- 
bonate is prevented. Thus, in the presence of tartaric acid and 
other non-volatile organic acids, deep blue solutions but no ])reci})itates 
are obtained. In the presence of sugar and similar substances, 
alkali hydroxides produce precipitates which dissolve in excess of 
the precipitant ; the alkali carbonates, however, give permanent 
precipitates. 

9. Ammonia, when added in very synall proporlmi to a solution 
of a neutral copper salt, produces a greenish-blue precipitate of cupric 
hydroxide, or a basic cupric salt ; on adding more ammonia solution, 
this precipitate dissolves easily and completely to form an azure blue 
liquid. This depends upon the fact that complex cupric ammonia 
cations of varying composition, Cu*'(NH3)„, are formed, the 
hydroxides or salts of which are soluble in water. 

If ammonium salts or free acids arc present, no precipitation, 
even a transitory one, will be produced by ammonia, but the solution 
will immediately become dark blue. 

The blue colour of the solution is still visible after very great 
dilution, so that it affords a means of detecting minute quantities 
of cupric ion. 

Potassium or sodium hydroxide produces a precipitate of blue 
cupric hydroxide in such blue solution after a considerable time in 
the cold, but on boiling the liquid for some time the whole of the 
copper is precipitated as brownish-black cupric oxide. 

Ammonium carbonate behav^'s towards solutions of cupric 
salts in the same way as ammonia. 

Very small quantities of cupric ions do not give the blue coloration 
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with ammonia in excess, ))iit on shaking the solution with a few 
drops of phenol solution a blue coloration will be produced after 
standing for some time (15 minutes to 1 hour) (Jaworowski, Chem. 
Zentr., 1896, L, 770).i , 

10. Potassium ferrocyanide ^uoduces a rcddish-hrown precipitate 
of cupric ferrocyanide, Cu2Fe(CN)g, in moderately dilute solutions, 
but only a red coloration in very dilute solutions. The precipitate 
is insoluble in dilute acids, but is decomposed by potassium or 
sodium hydroxide. 

11. Potassium thiocyanate produces a black ])reci])itate of 
cupric thiocyanate in solutions of cupric salts, Cu' -f 2(!NS' — Cu(('NS)2 ; 
for example, CuS04-k^KCN8'-Cu(CNS)2-TK2S04. The ])rccipitate 
is not quite insoluble, so that complete pre(;ipitaiion of the copjjer 
does not take place. In somewhat dilute or a<u(l solutions tliere is 
frequently only a dark coloration. On adding {preferably before the 
addition of potassium thiocyanate) a reducing agent such as sulphur 
dioxide, sodium sulphite and hydrochloric acid, or a salt tf hydro- 
xylamme or of hydrazine,^ the copper is piccipitatcd as reddish-white 
to white cuprous thiocyanate, which is almost conq)lctely insoluble 
in water and dilute acids : 

2(Ju* M -2CNS' +BO2 +2H2O -2CuCNS +411' +80^4 

for example 

2CuS04+S02+2KCN8+21U)-2Cu(1NS-1-K2S04+2H2S04 

12. Potassium iodide precipitates white cuprous iodide, CU2I2, 
whilst iodine is also liberated, so that the precipitate appears green 
to reddish-yellow. On adding a reducing agent (sulphur dioxide, 

^ For tho detection of very small quantities of copper, VVildenstein, Zeitsch. 
anal, Cham., 2, 9; Bellamy, Ibid., 9, 382; Bradley, Chem. Zentr., 190G, II., 
1^73, recommend hamiatoxylin ; Schaer, Zeitsch. anal. Chem., 9, 100 ; 
Sohomi, Ibid., 9, 210 ; Furgotti, Ibid., 18, 470, recommends gujiiacum tincture 
and Prussian blue ; Von Knorro, Ibul,, 28, 234, a-iiitroso-jS’-naphthol ; Baudiaoh 
and Rothschild, Bar., 48, lOBO, o-nitrosonaphthol ; A. Bach, Chem, Zentr., 
1899, 1., 039, formaldoximo ; Dolcpino, Ibid., 1908, 11., 201, dialkylthiosulpho- 
carbamic acid; Lyle, Curtman, and Marshall, Ibid., lOlO, II., 032, a-amino-n- 
caproic acid ; R, Ulonhuth, Ibid., 1910, II., 914 ; also Malatcsta and Di Nola, 
Ibid,, 1914, 1., 820, 1.2-diamino-anthraquinono-3-8ulphouic acid ; Mayer and 
Schramm, Zeitsch. anal. Chem., 56, 129, sodium hydrogen carbonate and 
hydrogen peroxide ; F. Knecht, Bcr., 41, 498, titanium sesquisulphate ; 
Schander, Chem. Zentr., 1905, 1., 207, calls attention to the fact that beans and 
fragments of potatoes can absefrb copper from very dilute solutions, whilst 
Ebert, Zeitsch. anal. Chem., 49, 47, shows that this is also the case with cotton- 
wool. 

“ baits of hydrazine and hydroxylamine give, in tho presence of alkab, a * 
precipitate of cuprous oxido (Knoevenagcl and Ebler, Ber,, 36, 3006. 
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sodium sulphite, ferrous sulphate, phenylhydrazine) no free iodine 
is obtained, but only the white precipitate of cuprous iodide. 

In the case of very dilute solutions a yellow coloration is still 
perceptible on ,the addition of potassium iodide (Thoms, Pharm, 
Zentralhallc, 31, 30). 

13. PoUmium hromidr, {solution, when treated with concentrated 
sulphuric acid, on to which a small quantity of a solution of a cupric 
salt is then poured, at first produces a bluish-red zone at the point 
of contact. On shaking the liquid, the colour of the whole solution 
becomes red. (In the presence of any considerable amount of cupric 
ion a black precipitate is produced by the potassium bromide and 
concentrated sulphuric acid.) The red coloration disappears on the 
addition of water. This reaction is very sensitive, and enables cupric 
ion to be detected in the presence of the salts of other metals (Denig^s). 
Stannous chloride or bromide inhibit the reaction by causing reduc- 
tion of the cupric ion to cuprous ion (\'iard, Compt. rend., 135, 168, 
242 ; Chcni. Zentr., 1902, II., 563, 630). According to Sabatier, the 
coloration is due to a compound CuBro.llBr 2 II 2 O. On adding 
sulphur dioxide solution in not too great proj)ortion to the dark 
bluish-red liquid a precipitate of white cuprous bromide is 
obtained. 1 

14. Diphenylcarhazide in alcoholic solution (1 : 100) produces 
an intense violet coloration in neutral or only slightly acid solutions. 
This is a very sensitive reaction (Cazeneuve, Zeitsch. anal. Chem.f 
41, 568). 

15. On shaking a neutral or slightly acid solution of a cupric 
salt with a petroleum spirit solution of miphthcnic acids, the layer 
of petroleum spirit is coloured green. 'Phis is a very sensitive 
reaction (Charitschkoff, Chem. Zeit., 34, 479; and Chem. Zentr., 
1909, I., 1947 ; and 1910, I., 2036 ; (f also Zeilsch. anal. Chem., 58, 
127). 

• 16. Hypophosphorous acid produces in solutions of cupric salts 

in the cold a yellow precipitate of cuprous hydride, Cull, which, on 
heating, is decomposed into its constituents. Hence, from a boiling 
solution the reagent precipitates copper directly. (Distinction from 
zinc and cadmium ions. F. Mawrow and W. Muthmann, Zeitsch. 
anorg. Chem., 11, 268.) 

17. Oxalic acid gives a bluish-r^hite, precipitate of cupric oxalate 
with neutral or slightly acid solutions of cupric salts. The boiling 

^ Concentrated hydrohromic acid acts in the same way as potassium bromide 
and sulphuric acid (Endomann and Proohazka, Zeitsch. anal. Chem., 21, 265). 
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solution is treated witli a moderate excess of solid oxaii'e acid, 
(Distinction from cadmium ion.) 

18. MetdiUlC iron, wl^en brought into contact with solutions of 
cujrric salts, becomes coated with a reddish deposit of metallic copper, 
almost instantaneously if the solution is concentrated, and after a 
considerable time if it is very dilute. The presence of a little free 
acid promotes Die reaction, which, however, may be masked by the 
p^'scnc(‘ of many other metals which are also preci[)itated by iron, 
(-opper is also precupitated as a red diiposit upon oth(;r more electro- 
positive metals, e.g. ziiu*. In bk<! manner, copper may be electro- 
lytically deposited upon a cathodes. 

A sinpile device f(H‘ this ])uri)().sc may be made l)y binding together 
a strip of jilatiniim foil and a strip of zine or tm foil at their upper ends, 
introducing a section of cork and liinding tlu'm also at this place. The 
strips ari' arranged almost paralhd to each other, and are introduced into 
the sliglitly acidilied cojiper solution in such a way that the unbound 
portion is nut immersed. I’he cop[)tu‘ is then depositi'd (in the case of very 
dilute solutions not until after about twidv^e hours) mainly upon the 
platinum, the surface of which bi'comes copp'M-red to black. The advan- 
tage of this deposition of loppcr upon the platinum is that tlu* copper may 
be icadily dissolved in nitric acid and furtlu'r tests applied to the solution, 
hor this ]Jurpose the liipiid is evajiorated almost to dryness, a few drops of 
water added, and then a drop of ])otassium ferrocyanidi' solution. Traces 
of copper deposited on iron or platinum may be identilied by moistening 
them with hydrochlorie acid and testing them as in 21. Salet recommends 
that the hydrochloric acid should be ajiplied by immersing in it a bundle 
of line platinum wires, and heating this in a flame beneath the iron rod or 
platinum strip. This materially increases the sensitiveness of the reaction. 

19. \V ith regard to the detection of cupric ion, even in the 
pre.senee of other cations, by means of its absorption, spectrum in the 
presence of alkanet tincture, see Kormaneck, Zeilsch. anal. Chem., 
39, 419, 431, et seq. 

20. On mixing eoiipm- compounds with SOdium carbonate in a 
hollow on charcoal and ex[) 0 sing the mixture to the inner blowpipe 
flame, ‘metallic copper is obtained without a simultaneous deposit 
of oxide ; the reaction also takes place very well on charcoal sticks 
(p. 88). The reduced copper may best be recognised by grinding 
the mass, including the surrounding portions of charcoal, with water 
in a small mortar, and washiii^ away the charcoal powder. The 
copper-red particles of metal arc then left in the residue. 

21. If copper, an alloy containing copper, a trace of a copper 
salt, or a loop of platinum wire, which has been dipped into even t# 
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very dilute solution of ii copper salt, is introduced into the fusion 
&r68r of ft gftS flsme) or into the inner blowpipe fiaino, a fine emerald- 
green coloration is imparted to the U])per or outer flame. The 
addition of hydrochloric acid to the substance or solution intensifies 
the delicacy 'of this extremely sensitive reaction. The flame then 
appears azure blue on the exterior. Since the colour of tlie flame 
varies somewhat according to the conditions or the nature of the 
anion present, the s])ectroscopic apjiea ranee is also somewhat variabu'.. 

22. Alkali phosphate and borax dissolve copper readily in the 

outer gas flame. The beads a[)|)oar qreen while hoi and blue ivhen 
cold. Jn the inner flame, if the amount of copper is not too great, 
they appear colourless, and become red and opaque on cooliny. In 
the lower reducing area of the Bunsen flame tin' beads readily become 
reddish-brown on the addition of a little tin oride, owing to the forma- 
tion of o.rn/c, but do not by tliem.selves show this coloration. 

If the beads are brought alternately into tin; lower oxidisirig and 
reducing area they become ruby-red and transparent. 

23. For the microehenncal delecdon of co})per ion, see Haushofer, 
Mikroshopische Reakiwnen, p. 87 ; Behrens-Kley, Mikrochemische 
Analyse, 3rd ed., p. 05; Schoorl, Zeitsch. anal. Chem., 47, 740; 
Pozzi-Escot, Chem. Zenlr., Ifl(X), I., 31)9, and 1907, 11., 484. 


Skc. 76. 

(c) Bismuth, Bi, 208‘0. 

1. Bismuth is trivalent. Metallic bismuth resembles tin with 
a reddish tint ; it has a moderate lustre, is fairly hard and brittle, 
and has a specific gravity of 9’78. It does not change in the air at 
the ordinary temperature, melts at 209", and when fused on charcoal 
forms a deposit of yellow oxide. It is readily soluble in nitric acid, 
hardly soluble in hydrochloric, acid, and insoluble in dilute sulphuric 
acid. Concentrated sulphuric acid converts it into bismuth sulphate, 
with the liberation of sulphur dioxide. 

2. Bismuth O'xide, Bi203, is a yellow jiowder, which transitorily 
becomes dark yellow when heated, and melts at a red heat. Bismuth 
hydroxide, Bi(OJl);3, is white ; bismuthyl hydroxide, BiO.OH, is white 
or yellow (see 5). The oxide and hydroxides are readily soluble in 
hydrochloric, sulphuric, and nitric acid.s. When fused with potassium 
cyanide they yield the metal. (Other compounds of bismuth and 
oxygen are also known, some containing less oxygen, which, according 
* to some authorities, are mixtures of bismuth and bismuth oxide, and 



SEC. 76 


BISMUTH 


297 


others with more oxygen, but the nature of these has not yet been 
definitely determined. They are all converted into oxide when 
heated in the air, and into nitrate when heated with nitric acid.) 

3 . Bismuth forms two series of salts, viz. the normal salts of 
the trivalent bismuth ion, Bi‘", and the salt of the* monovalent 
bismutiryl ion, BiO‘. Nearly all the ])ismuth .salts are non-volatile ; 
the salts ol volatile acids arc decomposed on ignition ; bismuth 
chToride, BiCl3, is volatile at a moderate heat. The bismuth .salts 
are colourless or whit<*, except wlien the anion causes them to be 
coloured. Some of the .salts of bismuth ion, Bi"', are insoluble in 
water, others are solubh' in a little water. The latter, owing to the 
extremely weak basic character of the Bi ‘ ion, undergo hydroly.sis 
to a pronounced extent, as do also the .salts of the BiO' ion ; their 
solutions redden litmus. Th(‘\ are deccunpo.sed by any considerable 
amount of water into bi.sniuthyl .salts, which sulKside as white 
{)recipitates, and free acid, which then checks the hydrolysis of the 
remainder of the bismuth .salt ; in tiu' presence of a large amount of 
water, complete [»recipitation takes place: Bi’*’ j-lbjO— BiO’-j-^H*. 
Under certain conditions, still more basic compounds are formed, 
r(f. (BiO).(Ojl)(N()3). Acid dksolves the precipitates thus formed; 
or, if addl'd beforehand, previ'iits their formation. 

In the case of hismuth chloride the .separation as bismuthyl 
compound takes place particularly readily, so that, for example, 
bismuth nitrate solutions, which contain so much free acid that they 
remain clear, may give a precipitate of bismuthyl chloride, on the 
addition of a chloride, or even of hydrochloric acid. This 'pre- 
ci]}ilatio7i of a hisniuthyl salt hy incans of icatcr is a particularly 
characteristic reaction of bismuth ion. 

4 . Hydrogen sulphide and ammonium sulphide produce in 
neutral and acul solutions a black precipitate of bismuth sidphide, 
Bi.^S^, insoluble in dilute- acids and alkali and pota.ssium cyanide 
solutions. It is readilv decomposed and dissolved by boiling nitrip 
acid. Bismuth solutions, which contain a very considerable excess 
of hydrochloric acid or nitric acid, only give a precipitate with 
hydrogen sulphide after dilution with water. Bismuth sulphide 
precipitated from acid solution is insoluble in alkali sulphide solu- 
tions ; but that precipitated by means of alkali sulphide , or from 
an alkaline solution, is soluble tg a considerable extent in excess of 
potassium or sodium sulphide solution. 

Ammonium thioacctate produces a ])rccipitate of bismuth sulphide 
in acid solutions of bismuth salts, partially in the cold and 
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completely oti Sodium thiosulpJudc, when added to a not too 

acid solution of a hisniuth salt, produces first a yellow coloration 
and then a precipitate of bismuth sulphide : 

2 Bivf 3So()^j-h3H20-:Bi.S3+fiir 1-3SO ' 4 
for example 

2Bi(N03)3+3Na2S2( )3-l-3H2( ) = Bio83d-6NaN()3+3fl2S04 

5. Potassium and sodium hydroxides and also ammonia pre- 
cij)itate hydroxide (mixed with basic or bismuthyl salt). The bis- 
muth hydroxide is soimiwhat soluble in concentrated solutions of 
potassium and sodium hydroxide, especially on heatin^f, but the 
precipitation from a dilute solution is complete in the cold. If the 
precipitation has b(*en made by means of a fairly c-on<‘entratcd solu- 
tion of potassium or sodium hydroxide, the pn'cipitate will become 
yellow on standing, and more rapidly if heated in the li(|iiid from 
which it was precipitated. The yellow colorution is produced with 

CA’rtairdy after the addition of a little hydroyev peroxide or 
chlorine water. According to Hupp, how'ever, the yellow substance 
is not bismuth ])eroxide, since it does not liberate iodine, but only 
BiO.OlI (Zeilsch. anal. Chem., 42, 732 ). Ilanua and Kallauner 
(Zeitsch. anorg. Chem , 70, 232 ; (dunn. Zenfr., 1911 . 1., 1542 ) have 
found that ammoniacal hydrogen peroxide or alkaline sodium 
peroxide produces yellow precijiitates iu tin* cold and brown pre- 
cipitates on heating, w'hich liberate iodine from an acid solution of 
potassium iodide. ^ 

6. Sodium carbonate and ammonium carbonate precipitate 
basic bismuth carbonate of variable composition, e.g. bismuthyl 
carbonate, ( 610 ) 3 ( 3 ) 3 , in the form of a voluminous white prei’ipitatc 
insoluble in excess of the precipitant and in potassium cyanide 
solution. Heat promotes the precipitation. 

7 . Potassium iodide produces in a concentrated sufficiently 
acid solution a black precipitate of bismuth iodide, Bil 3 , which dis- 
solves as orange-coloured potassium bismuth iodide in excess of potas- 
sium iodide solutim. More dilute and less acid solutions yield an 
orange-coloured jirecipitate of brsmuthyl iodide, especially when 
heated. The solution of ])otassium bismuth iodide is decomposed 
on dilution with water ; if very little water is added black bismuth 
iodide sejiarates. whilst on the aej^ition of much water the pre- 
cipitate consists of bismuthyl iodide. 

1 Cf. also the coinmunicatjoiiH t>f (jlutbicr and Biinz, Zeitsch. anorg. Chem., 
*’ 48 , 162 , 294 ; 49 , 432 ; 60, 210 ; 52, 124 
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Cinchonim nitrate and 'potassium iodide react with bismuth 
salts, even wlien present in very small amount, forming an orange- 
coloured precipitate (Legcr, Zeitsch. anal. Chem., 28, 347). 

8. Potassium chronmte and potassium dichromtte produce orange 
to yellow j)recipitates of basic bismuth chromate. *^rhe dichromate 
precipitators^ bismuthjl dichromate, (BiO)2Cr2()7, as a yellow powder 
frmn weak acid solution. This may be distinguished from lead 
chrorjiate by the fact that it is readily soluble in nitric acid, and but 
little soluble in cold ])otassium or sodium hydroxide solution, 

9. Disodiam Injdroijeu phosphate precipitates white crystalline 
j)hosj}hate, BiPO^, from solutions of bismuth salts ; tliis is insoluble 
in not too concentrated nitric acid. (Distinction from most other 
cations.) Alkali arsenates behave in a similar manner. 

10. Dilute sulphuric acid doc's not produce a precipitate in a 
moderately dilute solution of bismuth nitrate*. t)n evaporating 
the solution containing e'xcess of sulphuric acid on the waiter bath 
until acid vapours no longer esca[»e, there is left a white saline mass 
which always dissolves to a clear solution in waiter acidified with 
sulphuric acid, (('haracteristic distinction from lead ion.) On 
standing for some tinu', (often only after some days) a basic bismuthyl 
pyrosulphate, (1110)28207 f31l20, scjiarates in the form of micro- 
scopic, ac-icular crystals, which dissolve in nitric acid. 

11. On treating a solution of a bismuth salt with excess of a 
solution of stannous chloride in potassium or sodium hydroxide 
solution a black precipitate is ])roduced, which, according to some 
authorities, may be regarded as bismutlious oxide, BiO, and, according 
to otluTs, as a mixture of metallic bismuth with bismuth oxide : 

Bi2034-K28n02--2Bi0 1 -K 2 l^ii 03 
or Bi203 f 3X281102— 2Bi f 3X381103 

This is a very characteristic and sensitive reaction. 

12. y^trony reducing agenUs, e.g. hypophosphorous acid, hypo- 
sulphurous a(.*id, or formaldehyde, precipitate metallic bismuth from 
solutions of bismuth salts. The precipitate produced by hypo- 
phosphorous acid is re-dissolved on the addition of hydrogen peroxide. 

13. The flame of a Bunsen burner is coloured bluish-green by 
bismuth compounds in presence of bromine compounds, and grey- 
blue in that of chlorine compounds. The colorations resemble those 
produced by cojiper, but are less intense. 

14. When bismuth compounds are mixed with SOdium carbonate 
in a hollow on charcosl, and exposed to the blowpipe reducing flame; 
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brittle granules of bismuth, which can he fractured witli a hammer, 
are produced. Simultaneously the charcoal is coated with a slight 
film of oxide, which is orange-coloured while hot and yellow on cooling. 
The reduction may also be readily effected on charcoal sticks (p. 88). 
On grinding the'end containing the reduced bismuth, yellow particles 
of metal are obtained. 

15. The deposit of metallic bismuth, obtained as described on 
p. 89, is black extending into a brown film ; the oxide deposit is 
yellowish-white (becoming black on treatment with stannous 
chloride and sodium hydroxide, cfli. Distinction from lead oxide 
deposit), the iodide deposit is bluish-brown extending into a red 
film, and the sulphide deposit is dark brown with lighter brown film, 
and is not removed by ammonium sulphide (Bunsen). 

16. On heating a bismuth compound, which is free from sulphur, 
with a mixtur(! of equal parts of potassium iodide and Jlowers of 
sulphur (or with potassium iodide alone, if the substance already 
contains sufficient sulphur for the decomposition of the ])otassinm 
iodide) on charcoal before the blowpipe flame, a very volatile scarlet 
deposit of bismuth iodide is obtained. 8ub.stances containing lead, 
when treated in the same way, yield a deep yellow deposit ; their 
presence does not affect the bismuth reaction (v. Kobell). The 
reaction also takes place when the mixture is heated in a glass tube 
fused together at one end (Cornwall). 

17. Calcium emhonate, which has been impregnated with a 
bismuth salt (even in very small quantity) shows a blue luminescence 
when brought into contact with a hydrogen flame {cf Sec. 58, 21. 
Donau, loc. cit.), 

18. With regard to the microchemical detection of bismuth ion, 
see Haushofer, Mikroskopische Reaktionen, p. 138 ; Behrens-Kley, 
Mikrochemische Analyse, 3rd cd., 3, 96 ; Schoorl, Zcitsch. anal. 
Chem., 47, 731, 745. 

Sec. 77. 

(d) Cadmium, Cd, 112-40. 

1. Cadmium is divalent. Metallic cadmium is like tin in colour, 
lustrous, ductile, and not very hard. It has a s[)ecific gravity of 
8’67, melts at 321°, and boils at about 780°, but volatilises at a much 
lower temperature, and so can be sjibliined in a glass tube. When 
heated on charcoal before the blowpipe it ignites and burns, pro- 
ducing brown fumes of oxide, which form a deposit on the charcoal. 
^Hydrochloric acid and dilute sulphuric acid dissolve cadmium 
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with the evolution of hydrogen, but it is most easily dissolved by 
nitric acid. 

2. Cadmium oxide, CdO, is a powder, which is sometimes light 
brown and sometimes dark brown ; it resists the action of heat. 
Cadmium hydroxide, Cd(OH) 2 , is white. Both compounds are readily 
soluble in hydrochloric, nitric, and sulphuric acids.* They also 
dissolve in solutions of ammonium salts, especially on heating, 
ammonia being liberated. 

^3. The cadmium salts are colourless or white, except when the 
anion causes them to be coloured ; some of them are soluble in water. 
The soluble neutral salts redden litmus in consequence of hydrolysis ; 
the cadmium salts of volatile acids are decomposed on ignition, with 
the exception of the sulphate, which will stand moderate ignition. 

4. Hydrogen sulphide and ammonium sulphide produce in 
alkaline, neutral, and acid solutions bright yellow (or under certain 
conditions of excess of acid and tem])erature orange-yellow to red) 
precipitates of cadmium sulfkide, CdS. This is readily decomposed 
and dissolved by hoili7ig nitric, hydrochloric, and dilute sulphuric acids. 
(Distinction from cupric sulphide). Cadmium sulphide is also in- 
soluble in the cold in the presence of only a slight excess of hydrogen 
ions, so that it is 7iot precipitated, at all events completely, from 
solutions which are acid to any extent. It is precipitated more readily 
from sulphuric than from hydrochloric acid solutions. 'J’he presence 
of much alkali chloride prevents its precipitation from even quite 
weak hydrochloric acid solutions. (Distinction from cupric ion. 
Cushman, Zeitseh. anal Cketn., 34, 368.) It is insoluble in alkali 
hydroxide, alkali sulphide, and potassium cyanide solutions. (Dis- 
tinction from cupric ion.) Ammonium thioacetate precipitates 
cadmium sulphide from hydrochloric acid solution. Sodium thio- 
sulphate does not give a ])recipitate with acid solutions of cadmium 
(distinction from cupric ion), but produces a slight precipitate in 
neutral solutions. 

5. Potassium and sodium hydroxide give a white precipitate 
of cadmium hydroxide, Ckl(()Il) 2 , insoluble in excess of the precipitant. 

6. Ammonia also gives a white precipitate of hydroxide, which, 
however, redissolve^ readily and completely in excess of amnwnia 
solution to form a colourless solution, with the formation of a complex 
cadmium ammonia ion, e.g. Cd(BH 3 )" 2 . The ammoniacal solution 
becomes turbid on boiling or dil^ition with much water, but only in 
the absence of ammonium salts. Potassium or sodium hydroxide 
precipitates cadmium hy<lroxide from an ammoniacal solution. 
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7. Sodium carbonate and ammonium carbonate produce white 

precipitates of basic cadmium carbonate, CdC 03 -l-a:Cd( 0 H) 2 , which 
are insoluble or only very slightly soluble in excess of ammonium 
carbonate solution. Ammonium salts retard and influence the pre- 
cipitation in the cold, but the precipitate is formed on heating ; 
ammonia ptev^its the precipitation. The precipitate is readily 
dissolved by potassium cyanide solution, it only subsides after 
long standing from dilute solutions, but the separation is materially 
promoted by heat. * 

8. A 17 per cent, ammoniacal solution of ammonium perchlorate 
precipitates crystalline cadmium jierchlorate from an ammoniacal 
solution of a cadmium salt. (Distinction from cupric ion. Salva- 
dor!, Chem. Zentr., 1918, I., 325.) 

9. Potnssivm thiocijanate does not give a precipitate with solutions 
of cadmium salts, even aftej* the addition of reducing agents, e.g. 
sulphur dioxide. (I)i.stinction from copper ion.) 

10. On mixing cadmium compounds with sodium carbonate in 
a hollow on charcoal and heating the mixture in the reducing flame 
of the blowpipe, the reduced metal is immediately volatilised again, 
and becomes oxidised on its passage through the outer flame, so that 
the surface of the charcoal becomes coated with a deep yellow to 
reddish-brown Jihn of cadmium oxide, which can be most clearly 
seen after cooling, 

In the case of very small amounts of cadmium only a very fine 
filmy deposit in the form of a ]>lackish ring shading outwards into 
yellow to copper-red, and the interior of which shows a deep blue 
to violet glistening faint margin (Biewend, C/iem. Zenlr., 1902, 
II., 821). 

11. The depmit (f metallic cadmium, oh laimd as described on 
p. 89, is black extending into a brown film, the oxide dcjiosit 
brownish-black, extending through brown into a white film ; the 
iodide deposit is white, and the sulphide deposit lemon-yellow, and 
is not removed by ammonium sulphide (Bunsen). 

Analogous deposits may also be obtained by heating cadmium 
or cadmium compounds with reducing agents in narrow glass tubes 
closed at one end (Biewend, Chem, Zentr., 1902, 11., 821). 

12. For the microchemiad deteoiion of cadmium ion, see llaushofer, 
Mikrosicopische ReaJetionen, j). 52 ; Behrens-Kley, Mikrochemische 
Analyse, 3rd ed., p, 73; Schoorl, Zeitsch. anal. Chem., 47, 736, 742, 
748 ; Pozzi-Plscott, ('hem. Zenlr., 1^37, ri., 484. 
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Sec. 78. 

Summary and Remarks on Group V. [Div. 2). 

1. The ions of the second division of the fifth ^^rouj) may be 
completely separated, in the manner described, from mercurous ion 
and silver ion, but only incompletely from lead ion, \9y means of 
hydrochloric acid. Traces of mercuric salt, which at first are re- 
tained tlirouffh adsor[)tion ])y the precipitated silv(M‘ chloride, are 
coiTtj)l('t('Iy dissolved in the subsequent washing ((t. J. Mulder). 

2. (a) Mercuric ion may be distinguished from the other ions 
by the insolubility of its sulphide in dilubi boiling nitric acid. This 
characteristic affords a convenient method of separating it from 
copper, lead, and bismuth ions, and from any considerable amount 
of cadmium ion. (Part of the cadmium sulphid(‘, or possibly the 
whole of it when it is only pn'sent in traces, is retained by the mer- 
curic Hulj)hide. Billow.) Care must therefore lie taken to remove 
the chlorides or hydrochloric acid completely by washing before boiling 
the sulphides with nitric aciil.i Mercuric sulphide dissolves readily 
when heated with hydroiddoric acid to whi(di a very small quantity 
of potassium chlorate has been added. The mercuric ion may be 
most easily detected in one portion of the solution by means of 
stannous chloride. Cadmium ion retained by the mercuric sulphide 
may lie found by evajiorating another [lortion of the solution to 
dryiuvss in a [lorcelain crucible, and volatilising the mercuric chloride 
at a low ignition temperature in a fume cupboard. On treating the 
residue with a drop of hydrochloric acid and a little water, the 
cadmium ion is obtained in solution, and may be precipitated there- 
from by means of hydrogen sul[)hid(‘. [h] The mercuric sulphide 
may also lie separated completely from the sulphides of lead, bismuth, 
and cojiper, but only incompletely from cadmium sulphide, by boil- 
ing the moist sulphides with sodium thiocarbonate solution (pre- 
pared as described in 8e(;. 51), 13, footnote, llosenbladt, Zeitsch. 
amd. Chem., 26, 15) ; or (c) The se])aration may be effected by treat- 
ing the sulphides with a mixture of potassium sulphide and hydroxide’ 
solutions (Bolstorif and Biilow, Arch. d. Pharm., 229, 292 ; Chem. 
Zentr., 1891, 11. , 227). Owing to the formation of complex com- 
pounds, mercuric sulphide is dissolved, and may be re-precipitated 
from the filtrate by means of hydrochloric acid (or, as in Polstorff 
and Billow’s method, by ammonium chloride), whilst the other 

^ The cnniplctoncHS of th<* washing is sliown by the final washings not 
giving any precipitate or turbidity with silver nitrate solution. 
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sulphides (in the absence of cadmium) are left free from mer- 
cury dnd may be dissolved in nitric acid, (d) The separation of 
mercuric ion from cupric, bismuth, and cadmium ions, and its 
incomplete sepaiation from lead ion, may also be effected by heating 
the hydrochloric acid solution with a solution of phosphoric acid 
(prepared by allowing phosphorus to deliquesce in the air, and 
diluting the s}'Tupy residue with water). The mercuric ion is 
precipitated as mercurous chloride. Lead ion may be siniultaneously 
precipitated (v. Uslar, Zeitsch. anal. Chem., 34, 391). ' 

3. Of the other cations remaining in the nitric acid solution 
after separation of the mercuric ion (as in 2 [a)), lead ion may be 
precipitated i)y adding sulphuric acid. The separation is most 
complete when, ])rior to the addition of an excess of dilute sulphuric 
acid, the liquid has been evaporated on the water Itath, until nitric 
acid vapours no longer escape, and then diluted with water con- 
taining sulphuric acid, and the insoluble residue of lead sulphate 
immediately filtered off. This residue may then be subjected to 
further tests by the dry method, as described in Sec-. 72, 14, or it may 
be tested as follows : A portion of it is heated with a little potassium 
chromate solution, which converts the white precipitate into yellow 
lead chromate. The latter is separated, washed, and heated with a 
little potassium or sodium hydroxide solution, which re-dissolves 
it, and, on then acidifying the clear solution with acetic, acid, a 
yellow precipitate of lead chromate, is once more obtained. 

4. (a) After separation of the mercuric and lead ions bismuth 
ion may be separated from copper and cadmium ions by adding 
ammonia solution in excess, since the hydroxides of the two latter 
metals are soluble in exc(*ss of ammonia solution. On dissolving 
the separated bismuth hydroxide in one or two drops of hydrochloric 
acid on a clock glass, and adding water, the occurrence of a milky 
turbidity confirms the presence of bismuth, {b) The reaction described 
in Sec. 70, 11, depending on the formation of bisrnuthous oxide, 
is also a suitable confirmatory test. 

5. The presence of any appreciable cjuantity of cupric ion may 
be recognised by the blue colour of the ammoniacal solution. Still 
smaller amounts may be detected by evaporating a portion of the 
solution nearly to dryness, and adding a little acetic acid and then 
potassium ferrocyanide solution. 

6. {a) For the separation of copper ion from cadmium ion, the 
remainder of the ammoniacal sohitiort is evaporated to a small 
volume, rendered slightly acid with hydrochloric acid, and treated 
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with a little sulphur dioxide, and pottmium thiocyanate sdutions. 
The cuprous thiocyanate is allowed to subside in a warm place and 
filtered off, and the cadmium ion in the filtrate precipitated by means 
of hydrogen sulphide, after removal of any sulphur dioxide present. 
(Obviously an unnecessarily large excess of the latter ftiust be avoided. 
One of .the ri'ducing agents mentioned in Sec. 75, 11 may also be 
used inste'd of sulphur dioxide.) Other methods of separating 
co 4 )])er and cadmium ions are based upon the treatment of the 
sulphides with [b] potassium cyanide, or (c) with hoiliny dilute sul- 
phuric acid (1 part of concentrated acid with 5 parts of water). For • 
this purpose the solution is treated with hydrogen sulphide, and the 
precipitate separated from the liquid by decantation or filtration, and 
washed, If it is then treated as in (h) with a little water and a frag- 
ment of potassium cyanide, the cupric .sulj)liate dissolves, while 
the yellow cadmium sulphide remains undis, solved. On boiling the 
])recipitate of the two Hul})hides with dilute sulplmric acid (c), the 
cupric sul})hide remains insoluble, while the cadmium sulphide dis- 
solves. On then treating the filtrate with hydrogen sulj)hide water, 
yellow cadmium sul])hide is again precipitated (A. W. Hofmann). 
(d) In this last method there is a risk that some cupric sulphide may 
be oxidised to sulphate by the action of the air, and so be simultane- 
ously dissolved when the precipitate is treated with sulphuric acid, 
with the result that a brown precipitate is again formed in the 
filtrate, and that this may cause a small amount of cadmium to be 
overlooked. ‘Hence Cushman recojnmends that the sulphides 
should be treated witli an excess of a saturated solution of sodium 
chloride and a little hydrochloric acid. Cadmium sulphide dis- 
solves, and may be re-preci])itatcd from the tiltrati; by means of 
hydrogen sulphide water. A still sharj)er separation is effected 
by treating the solution (2 c.c.) containing the. cop])er and cadmium 
ions with saturated sodium chloride solution (20 c.c.) and a little 
hydrochloric acid, and passing a current of hydrogen sulphide into 
it, when the cupric ion is precipitated as sulphide. The precipitate* 
is collected on a dry filter, and the licjuid filtered into a dry test-tube. 
On then adding a few drops of water to the filtrate a yellow ring 
of cadmium sulphide separates.^ (e) Kragcn recommends the^ 
different behaviour of copper and cadmium ions towards pyridine 
as a means of detecting them in the presence of each other. Both 
cations are precipitated by pyridine as pyridine double salts, but 

1 A method of separating cupric and cadmium ions based upon capillary 
analysis has been recommended by Trey (Zeitsch. anal. Cham., 37, 743). 

20 
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the copper coinj)OTmd is soluble in excess of pyridine, whereas the 
cadmium compound is insoluble. The sul[)hides are dissolved in 
hydrochloric acid, the solution neutralised with ammonia, and an 
equal volume of sodium chloride solution and of pyridine added. 
Cadmium ion fdrnis a white })reci])itate, whilst copper ion may be 
recognised by the deep blue colour of the solution (Monatsh.f. Chem., 
37, 391 ; Chem. Zenir., 1917, L, 534). r 


BrEOiAL Reactions 

UE THE Rarer Members of the Fifth Groui’.i 
Sec. 79. 

1. Palladium, Pd, 100 7. 

1. Fallculium is divalanl and ((inn ale nt. It is of rare oceurreiicc in 
metallic form, sometimes alloyed with gold and silver, hut esjiecially in 
association with platinum or in platinum ores. 'J’lu' eolour of palladium 
is somewhat darker than that of platinum, w-hich in other ri'sjioets it closely 
resembles. Palladium melts with very great diflieulty (at 1540"’ to 1550°) ; 
its specific gravity is 11'4 to 11’8 ; it assumes a bluish tint when ignited 
in the air at a dull red heat, but regains its metallic lustre and light colour 
when more strongly ignited. It dissolves with diflieulty (more readily 
when alloyed with other metals) in juire iiitiic acid, somewhat more readily 
when nitrous acid is present, and is hardly soluble in boiling concentiatcd 
sulphuric acid, but it is rendered soluble by fusion with potassium hydrogen 
sulphate, and is readily soluble in aqua injia. Kmely divided palladium 
is also soluble in strong hydroehlone acid. J^alladium combiner with 
oxygen in several proportions ; the most imjiortant of the oxides are 
palladous oxide, PdO, and jialladic oxide, IMOg. Only the salts corre^ 
spending to the former are stable, the palladie salts being readily decom- 
posed and converted into palladous salts. 

2. Palladmis oxide is black, its hydi oxide is white, and both, when 
strongly ignited, leave a residue of metal. Palladie oxide is black ; when 
heated with dilute hydrochloric acid it dissolves, palladous chloride being 
formed and chlorine liberated. 

3. Most of the paUadenis salts are soluble in water ; they are brown or 
reddish-brown in colour, and their solutions are brown when concentrated 
and yellow when dilute; that of palladous nitrate yields a precipitate of 
a brown basic salt on the addition of water, if not more than a slight 
excess of acid is present. The palladous salts of volatile acids arc decom- 
posed on ignition, leaving a residue of palladium. 

4 . Hydrogen snljjhide and avmominn sidphide precipitate black palladous 

W . 

^ With regard to the analytical behaviour of the jdatinum metals, reference 
may be made to the comprehensive work of Mylius and Mazzucchelli, Zeitsch. 
anorg. Chem., 89 , 1 (1914) ; Zeitsch. anal. Chem., 65, 273 ; see also pp. 325-327. 



s6c. 79 


PALLADIUM 


307 


sulphide from acid or neutral solutions. This |iieeipitate is insokible in 
ammonium sulphide solution, but dissolves in potassium thiocarlionate 
solution (distinction from lead, copper, and bismuth ions), and is not 
precipitated from the solution by carbon dioxide. (Distinction from mer- 
cury ion. llosenbladt.) It dissolves in boiling hydroelUoric acid, and is 
readily soluble in acpia rc(jia. 

5. Ac itylene (as gas or m aqueous solution) produces in an acid solution 
a reddish- bi iwn jireeipilate of paUadou.s ax'clylidc, which is soluble in am- 
mq^ia, potassium (iyanide, and sodium hydrogen sulphite solutions. This 
is a good method for the separation of copper, platinum, and iridium ions 
(Krdmann and Makowka, Zcitsch. anal. Chem., 46, 141). 

6. A solution of palladous chloride yields on treatment with potassium 
or sodium hydroxide a brown basic salt, which is soluble in a largo excess 
of the precipitant, whilst amnwnia produces a llesh-coloured ])recipitato 
of palladous chloride ammonia, l\K42(NH3)2, or Pd('l 2 »lkl(XH 3 ) 4 Cl 2 , which 
dissolves in excess of ammonia solution (fairly rapidly on heating, slowly 
in the cold) to form a colourless liquid, from which hydrochloric acid 
precipitates palladosamine chloride, lM(Nll 3 ) 2 Pl 2 i u yellow crystalline 
precipitate'. 

7. Mercuric cyanide produces in neutral or slightly acid solutions a 
yellowish- white gelatinous precipitate of palladous cyanide, which dis- 
solves with some dilliculty in hydioehloric acid, but is readily soluble in 
ammonia solution. This is a particularly characteristic reaction, the 
sensitiveness of which, however, is influenced by the [iresencc of other 
platinum metals (Mylius and Ma/,/.ucchelli, Zeitsch. anorg. ('hem., 89, 15). 

8. Stannous chlotidc prcjduces, in the abseiii'c of fri'c hydrochloric acid, 
a black precipitate, but in the pre.scncc of that’ acid it gives a red solution, 
changing to brown and finally to green, and becoming brownish-red on 
the addition of w^ater. 

9. Sodium formate precipitati'S the w'hoh* of the palladium at 50"' in the 
form of metallic palladium black. Other reducing agents, such as alcohol 
in the presence of alkali hydroxide, hydrazine sulphate in ammoniacal or 
acid solution, give a jirecipitate of metallic jialladium, which is lustrous, 
pulverulent, or colloidal, according to the conditions. 

10. Potassium iodide gives a black precipitate of palladous iodide, 
which dissolves to a brown solution m excess of the jirecipitant. This is 
a particularly characteristic reaction. 

11. Potassium chloride gives with a concentrated solution of palladous 
chloride a precipitate of potassium palladous chloride, K 2 Pdtd 4 , in the form 
of golden yellow needles, aaIucIi readily dissolve in water, yielding a dark 
brown solution, but are insoluble in absolute alcohol. 

12. Potassium nitrate produces in solutions which are not too dilute a 
crystalline yellow precipitate, which becomes red on standing for some 
time, and is soluble in a large volume of water. 

13. Potassium thiocyanate does not give a preeijiitato with solutions of 
palladous salts, even after the addition of sulphur dioxide. (Distinction 
and method of separation from copper ion.) 
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14. * a-nilrofto-^-iKiphthol produces a voluminous reddish-brown pre- 
cipitate in solutions of jialladous salts. This is a very sensitive reaction, 
which distinguish'^8 palladium ion from the ions of the other platinum 
inetaLs (W. Sclimidt, Zeil.^rh. anory. Cheni., 80, 335). 

15. IHmrthi/Jgli/o.vhnv giv(‘s with solutions of palladinin salts a fine 
yellow precipitate, which is readily soluble in ammonia and jiotassium 
cyanide solutions, but is only very sparingly soluble in water. 5(^per ecnt. 
alcohol, and dilute acids. (Distinction from the ions of the ot/.er platinum 
metals, excejd platinum, but not from gold ion. Wunder and Thiirinjgcr, 
Zeitsch. unnL Cliniu, 52, 101 and fiCO.) Other platinum metals also 
influence the sen.sitiveness of the reaction (Myhn.s and JMa/.zucchelli, Zeitsrh. 
aiwrg. Chfw., 89, 16). 

16. Ethylmcrcaftnn in I per cent, arpieous solution produces a i/dlow 
coloration at once in neutral solutions of palladous chloride, even when very 
dilute, but on acidification with acid, and csjiecially after heating, a dark 
yellow liocculent precipitate is immediately formed (indium, ruthenium, 
and osmium ions are only precipitated after lu'ating the solution for a long 
time) (Claosson, J. prakf. ('hc?n., (2) 15, 206; Mylius and Mazzucchelli, 
Zcitffch. anorg. Chtm., 89, 16). 

17. On treating alkamf tincture with a few drops of a solution of a 
palladous salt, the liquid, which is at fiist red, changes to orange-yellow, 
steel-grey, and tinally green, and then on standing for some timi* becomes 
turbid and red again. If ammonia is added to the liquid whih* still green 
the colour changes to blue. DilTcrent absorption spectra correspond to 
these changes of colour (Foimanck, ZaiIscH. anal. Chnn., 39, 681). 

18. When ignited with sodium caifionatc in the upper oxidation jlanu\ 
all palladium compounds yield a giey spongy dejiosit of metal. On 
grinding this uii in an agate mortar, silvery-white, malh'able particles of 
metal are obtained. 

19. Palladium compounds show the ignition nartion, cj. tScc. 85, 14. 

20. On moistening jiartially dehydrated borax beads with a dilute 
solution of a palladous salt, and then fusing them again, black beads arc 
obtained. 

21. For the microcliernical deletion of jialladium ion, see Haushofer, 
MikrosJcopische lieaktiomn, j). 107 ; Behrens- Kl<*y, Mikrochemische, 
Aualayse, 3rd ed., p. 160 ; Po/.zi-Escot and H. C. Couquet, Compl. rend., 

^130, 1073 ; Chem. Zentr., 1900, I., 1092. 

Seo. 80. 

2. Rhodium, Rh, 102-9. 

1. Rhmlium is divalent and triralent. It occurs in small quantities in 
platinum ores. Rhodium is an almo.st silvery- white, ductile metal, which 
is very difficult to melt (about 2000°), or, when separated by the wet 
method, is a grey or black powder with a specific gravity of 12-6. Compact 
rhodium does not dissolve in any acid, and is only soluble, even in aqua 
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regia, when it is alloyed with gold or silver, but not with platinum, 'copper, 
etc. Phosphoric acid and potassium hydrogen sulphate, when fused with 
rhodium, dissolve it in the form of rhodic salts. When heated in chlorine 
it yields chlorides of variable composition ((Mans, Leidie). Heated with 
potassium or sodium cldonde in a current of rhlorwe*{i terms double 
chlorides. Sodium rhodic chloride is insoluble in alcohol. (Method of 
separation from platinum ion and other cations.) 

2. Rhodium forms three compounds with oxygen, viz. rhodous oxide, 
RfiO, rhxlic oxide, Rh^Oa, and the peroxide, RhOa. Rhodic oxide is grey 
or black (the corres])onding hydroxide being yellow or brownish-black). 
It is insoluble in acids, but dis.solves in the same solvents as the metal 
{mde sHjjra). Its solutions are a line reil. 

3. Uiidrogeii sulphide, gives, after a considerable time, especially on 
heating, a brown precipitate, which is (uther rhodic sulphide, Rh 283 * or 
rhodium hydrogen sulphide, Rh(SlI)a, according to the conditions of pre- 
cipitation. I’his IS insoluble in acids and alkali sulphide solutions, but is 
dissulviMl by broinine water or ntpta regia. 

I. Alkali 7 uo)iosalp}udcs give a brownish-black jnis-ipitate of rhodium 
alkali sulphide, wliich is insoluble in c.xccss of the precijiitant, and is 
di^composi^d by water (Leidie). 

5. Potassium hgdriixide, when addl'd in not too large an excess to 
solutions of rhodium salts, immediately produces a //ellow precipitate of 
tlui hgdroxide, Rh(()t {)3 i HaO, which is soluble at the ordinary tem- 
jieraturc in excess of the pn'cipitant ; on boiling the yellow solution the 
blackish -brown hi/droxide, RlhOH)^, is precipitated. (No prc'cipitate is 
prodiK'cd at lirst m a solution of rhodic chloridi* by means of ])otassium 
iiydroxide, but on adding alcohol black hydroxidii soon separati'.s. (dans.) 

(3, Ammonia [iroduces after some time a yellow pri'cipitate, soluble in 
hydrochlorii; acid. 

7 . '/jinc and also formic acid give a black ])recipitate of metallic 
rhodium, llijdrazine sulphate in alkaliiu' (not in acid) solution, or hydrazine 
hydrate precipitates black metallic rhodium from coneinitrated solutions, 
and lustrous rhodium from dilute solutions (thitbier and Riess, Bcr., 42, 
1437 and 2205). Hydro ryla mine sulphate does not elTcct a reduction in 
acid solution. (Distinction from gold ion. dannasch and Mayer, Ibid., 
38, 2130.) 

8 . On heating a solution of rhodic chloride with pota.'isium nitrite (not. 
witli sodium nitrite) it turns yellow, and an orange-yellow powder, which 
is only slightly soluble in water but dissolves readily in hydrochloric acid, 
is precipitated, whilst another portion of the rhodium is converted into a 
yellow salt, which is soluble in water, but precipitated by alcohol. A 
method of separating rhodium from ruthi'nium ion is based upon the 
insolubility of rhodic potassium nitrite in alcohol (Gibbs). 

0. All solid rhodium compounds #hen heated in hydrogin, or also when 
ignited on platinum wire with sodium carbonate in the upper oxidising 
Hame, yield the metal, which may be recognised by its insolubility in aipia 
regia and its solubility on fusion wjth potassium hydrogen sulphate. The 
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fused mass obtained with the latter is yellow when cold, and gives a yellow 
solution with water. The solution becomes red on the addition of hydro* 
chloric acid (Bunsen). 

10. Rhodium gives the ignition reaction {cf. Sec. 85, 14). 

11. On moistening a partly dehydiated borax head with a dilute solution 

of a rhodium salt, and fusing it, a brown bead is obtained, whicli appears 
slate-grey by reflected light. . ^ 

12. The mierochcmical dciccdon of rhodium ion is based upon the 
characteristics of rhodium potassium nitrite (Behrciis-Kley, Mikroehemiifvhe 
Analyse, 3rd ed., p. 86) or of ammonium rhodium chloride (Wdm, Ber., 18, 
2547). 

Sec. 81. 

3. Ruthenium, Ru, 101 ‘7. 

1. Rutheninm is di-, tri-, teira-, hexa-, and oclacalent. It occurs in 
small proportion in platinum ores. The metal is brittle, greyish- white, 
difiicult to melt (at about lOtX)'"), and has a specific gravity of 12-26, whilst 
in the form of powder it is gre\nsh-black ; it is scarcely (bssolved by aqua 
regia, and is not attacked when fused with potassium hydrogen sulphate. 

2. It combines with oxygen to form tulhoious oxide, RuO, ruthenic 
oxule, Ru^Oj (sesquioxide), dwAde, RuOg (ruthenium oxide), and tetroxide, 
RUO4 (perruthcnic anhydride).^ When the metal in iiowdered form is 
ignited in tlie air it forms black sesquioxide, insoluble in acids. ^ 

3. On igniting a mixture of the metal and potassium chloride in a 
current of chlorine, the product ccai.sists of polassium ruthenium sesqui- 
chloride, which dissolves in water to form an orange-coloured solution. 
This solution yields, slowly on standing and immediately on heating, a 
voluminous black colloidal precipitate, which ii-mains in suspension for a 
long time, and gives a pronounced coloration, d’his is a very sensitive 
reaction. 

(a) Potassium or sodium hydro:iide, or ammonia, gives a blackish -brown 
precipitate of sesquioxide, which is insoluble in excess of potassium or 
sodium hydroxide solution, but dissolves to a greenish-brown solution in 
excess of ammonia solution and in hydrochloric acid, forming an orange- 
coloured solution. 

{b} Hydrogen sulphide gives a light-coloured precipitaUq but only after 
‘some time; this is doubtle.ss a mixture of black ruthenium sulphide and 
sulphur. The precipitate gradually becomes darker, while the liquid 
becomes deep blue. 

(c) Amni07iium suljihide gives a brownish- black precipitate, which 
is only sparingly soluble in excess of the precipitant. 

(d) Zinc at first produces an indigo-blue coloration, owing to the re- 
duction of the ruthenic ion to ru(^ienous ion ; fcubsequently metallic 
ruthenium separates. 

^ The anhydride of ruthenic acid (trioxide, RuOj) is not known. 

® Accordmg to Debray and Joly, the product thus obtained is in all pro* 
bability a mixture of dioxide and metallic nithenium. 
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(e) Potassium thiocyanate produces after some time (in the alienee of 
other platinum metals) a red coloration, which gradually becomes purjple 
red, and, on heating, a fine violet. This is a very characteristic re 
action, which, however, is influenced by the ions of other platinum 
metals. 

(/) Potassium iodide gives a black precipitate of iohidt, gradually in 
the cold and immediately on heating. 

{g) On treating the solution, which has been made slightly alkaline 
Wth sodium carbonate, with potassium nitrite, heating it to boiling point, 
allowing it to cool, and adding to it a very small quantity of colour- 
less ammonium sulphide, the liquid becomes crimson and afterwards 
brown (oven in ilie presence of the ions of other metals winch occur in 
platinum ores). The addition of more ammonium sulphide produces a 
brown precipitate. 

{h) On adding a few drops of ruthenic chloride solution to a solution 
of stHlium thiosulphate, which has been treated with ammonia, an intense 
purple-red coloration is produced. 

4. Rutheuium oxide (dioxide) is a blackish-blue powder, which is 
insoluble in acids, but dissoIve.s, with brown coloration, when fused with 
potassium hydroxide. Its hydroxide is dark ochre-yellow, and is soluble 
in acids, forming a light yellow solution. When metallic ruthenium is 
fused with potassium hydroxide and potassium nitrate or chlorate an orange- 
coloured mass is obtained. This contains potassium ruthenate, which is 
soluble in water, forming an orange-coloured solution. Acids or alcohol 
precipitate ruthenium .scsiiui hydroxide from this solution. When chlorine 
is introduced into potassium ruthenate solution ruthenium tetroxido 
volatilises. 

5. Ruthenium tetroxide is a yellow crystalline mass, which volatilises, 
even at the ordinary temperature. It melts easily and boils at a little 
over 100'\ The golden-yellow gas has an odour recalling that of the 
decomposition products of nitrogen irioxide. Ruthenium tetroxide dis- 
solves slowly and sparingly in water ; when heated with hydrochloric acid 
it forma ruthenium trichloride, while chlorine is liberated. The tri- 
chloride combines with (‘xcess of chlorine to form tetrachloride. Ilydro- 
xylamino reduces the tidrachloride to trichloride. (Distinction from 
platinum ion.) 

{a) ISulphur dioxide gives a purple- red and than a violet- blue coloration 
with a solution of the tetroxide. 

{b) Hydrogen sulphide produces a black precipitate of oxysulphidc, 
while the liquid assumes a transitory red colour. 

(r) Ruthenium tetrachloride combines with hydrochloric acid to form 
ruthenium hydrochloric acid, HjRuCl^j, to which the sparingly soluble 
potassium and ammonium salts correspond. On standing it loses chlorine 
and changes into the sesquichlori||c, which no longer gives a precipitate 
with ammonium chloride. 

0. Solutions of ruthenium salts and the vapours from ruthenium 
compounds give a black coloration with organic mbstanoes. ■* 
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7. On moistening a partly deliydrated borax bead with a solution of 
a ruthenium salt, and again fusing it, a black bead is obtained. 

8. For the microchemical detection of ruthenium ion, see Behrens-Kley, 
Mikrochemtsche Analyse, 3rd ed., p. 165. 

Sec. 82. 

4. Osmium, Os, 190*9 

1. Osmium is di-, iri-, tetra-, liexa-, and octavalent. It is of rare occur- 
rence in platinum ores as osmium-iridium. It is a black powder, or grey 
solid, with metallic lustre, is very diftieult to melt (at about 2500'"), and has 
a specific gravity of 22*5. 

2. Both the nu'tal and the oxides -^osmuus oxide, OsO, v<smic oxide, 
OsgOg, and the dioxide, OSO2 - are oxidised when heated in the air, and 
yield the volatile osmic tetroxide (jx'rosmie anhydride), O8O4,' which may 
be recognised by its extremely pungent unpleasant odour, recalling that of 
chlorine and iodine. This is very charaett*ristie. 

3. When a little osmium is introduced on a strip of platinum foil into 
a gas flame about halfway up in the outer zone it renders the flame extra- 
ordinarily hininous. Even traces of osmium may be detected in this 
way in iridium, but the phenomenon is only of momentary occun’enee ; the 
test may be repeated by introducing the substance limt into the reducing 
flame and then bringing it back again into the outer zone. 

4. Nitric acid, especially the red fuming acid, and also ayiia regia, 
dissolve osmium, forming perosmic acid. Hear promotes the solution, 
but also causes osmium tetroxide to volatilise. Osmium which has been 
very strongly ignited does not dissolve in acids. When it is fused with 
potassium nitrate and the dissolved mass distilled with ntfric acid osmium 
tetroxide is found in the distillate. (This is a characteristic reaction of all 
the osmium compounds.) Hydrogen peroxide dissolves finely divided 
osmium, as obtained by reduction with zinc or magnesium, the tetroxide 
being formed. (Distinction from the other platinum metals. Orlow', 
Chem. Zeit., 30, 714.) 

5. On heating osmium in dry chlorine gas free from air, bluish-black 
osmous chloride, OsClgf is first formed, though always in small proportion, 
and then the more volatile red chloride (tetrachloride), OSCI4 ; if r/ioiV 
chlorine gas is used, a green mixture of the tw'o chlorides is obtained. The 
dicldoride dissolves to form a blue solution, the tetrachloride to form a 
red, and the two together a green solution, which subsequently changes 
to red. The solutions soon decompose with the formation of osmium 
tetroxide, hydrochloric acid, and a mixture of osmous oxide and osmium 
dioxide, which separates as a black powder. 

6. On heating a mixture of osmium powder or of osmium sulphide and 
pedassium chloride in cMor.ne, potassiuAi osmium tetrachloride, KjOsClg, 
is formed ; it dissolves with difliculty in cold, but more readily in hot water. 

^ The anhydride of osmic acid, H2OSO4, is not known. 
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(а) Alcohol precipitates the salt from this solution as a red cryj^talline 
powder. 

( б ) Potassium hydroxide precipitates black hydroxide from the hot 
solution. 

When potassium osmium chloride is fused with sodium carbonate 
greyish- black osmium dioxide, insoluble in water and hydrochloric acid, 
is obtained. 

7. Poiasoium osmic chloride is very soluble in water. The deep red 
sokHiori is readily decomposed, especially on heating, with the separation 
of black oxychloride. Potassium hydroxide precipitates brownish-red 
osmic hydroxide from the red solution. 

8 . Osmium tetrnxide (the anhydride of perosmic acid) is white and 
crystalline, melts when slightly heated, and boils at about 100°. The 
vapours have an unbearable odour, and have a pronounced irritating action 
upon the nose and eyes. When heated with water it melts and slowly 
dissolves, d’he solution is colourless, has an irritating unpleasant odour, 
but does not show an acid reaction. 

{(i) Concentrated potassium hydroxide solution produces a yellow 
coloration in the solution. 

(?d On distilling this alkaline solution most of the tetroxidc distils (a 
charactcuistic test), wliilst the remainder is decomposed into oxygen and 
potassium osnuite, K 2 O 8 O 4 , and on continued boiling into osmic tetroxide, 
osmic hydroxide, and potassium hydroxide. 

(c) Osmium tetroxide decolorises indiyo solution, liberates iodine from 
potassium iodide solution,^ and oxidises alcohol to aldehyde and acetic acid. 
When heated \vith alcohol or tannic acid in pres(‘nee of liydrochloric 
acid a blue coloration is produced, owing to the formation of osmous 
chloride, OsClg. 

{d) Potassium nitrite! reduces it readily to potassium osmate, which 
separates in garnet-red crystals ; the same compound is also formed when 
a solution of tetroxidc, which has been treated with potassium hydroxide, 
and so contains perosmatc ion, is reduced with alcohol. The potassium 
osmate may be quantitatively precipitated by means of ammonium chloride 
solution, 

(e) Sulphur dioxide, added in increasing quantities to a solution of 
osmium tetroxide, produces successively yellow, reddish-brown, green, and 
finally indigo- blue colorations. 

(/) Ferrous sulphate gives a black precipitate of the dioxide. 

^ According to Orloff {Ckem. Zeit , 31 , 1063) this is not the case. Osmium 
tetroxide does not liberate iodine from a neutral solution of potassium iodide. 
The solution only becomes yellow, the colour changing to green on the addition 
of acid. A sensitive test for osmium ion has been based by E. Pinerua Alvarez 
{Chem, News, 91 , 172 ; Chem. Zenir., 1906, L, 1483) on this reaction, which 
depends upon the formation of the io^ne compound Ob 12 . 2 U 1 . Two c.o. of a 
1 per cent, solution of potassium iouide are treated with 20 drops of pure 
concentrated sulphuric acid or phosphoric acid of sp. gr. 1 - 7 , and on then adding 
1 drop of a solution of an osmium salt a green coloration, removable by shaking 
with ether, is obtained. 
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(s') rStannmis chloride gives a brown precipitate, which dissolves in 
hydrochloric acid, forming a brown solution. 

(h) Zinc and many metals in the pre-sence of a free strong acid give a 
precipitate of metallic osmium. Sodium formate or acetylene effect a 
reduction to the metal. 

(t) Hydrogen S'ldphide produces a blackish- brown coloration in an 
aqueous solution of osmium tetroxide, whilst on adding an acid there is 
formed a blackish- brown precipitate of osmium tetrusiilphide cfc of hydrated 
oxysulphide, which is insoluble in solutions of alkali hydroxides, carbonates, 
or sulphides. 

9. When ignited in a current of hydrogen all osmium compounds yield 
metallic osmium, whilst when ignited in the oxidising flame they yield 
volatile osmium tetroxide, recognisable by its odour, etc. 

10. If a partly dehydrated borax head is moistened with a solution of an 
osmium salt and again fused, a reddish-brown bead is obtained. 

11. For the microchcmical detection of osmium ion, see Ik lirens-Kley, 
Mikrochemische Analyse, 3rd ed., p. 163. 


Sixth CtROUp. 

Elements with Sulphides, insoluble in dilute Acids and 
forming Sulpho Anions. 

Members of frequent occurrence : Gold, Platinum, Tin, (ns 
stannous and stannic ions), Antimony, Arsenic (as arsenate and 
arsenite ions). 

Members of rarer occurrence : Iridium, Germanium, Selenium, 
Tellurium, Molybdenum, Tungsten. 

8e(’. 83. 

The members of the sixth group have (at all events in their 
states of higher valency) a pronounced tendency to form anions 
with oxygen, and thus form a transition stage in passing to the 
metalloids. In their states of lower valency, however, some of the 
more important also occur as cations, whilst in their elementary 
condition they show, almost without exception, the cliaracteristics 
of metals. For this reason and also owing to their analytical 
behaviour (especially towards hydrogen sulphide) they arc dealt with 
among the cations. 

Characteristics of the Group. 

Position in the Periodic Systtm.- The members of the sixth 
group may be classified analytically into two groups, which is also 
c in accordance with their ])osition in the periodic__systeni. On the 



SEC. 83 CHARACTERISTICS OF THE SIXTH GROUP 315 


one hand, there arc the noble metals — iridium, platinum, and<gold — 
which immediately follow one another and occupy a position in 
the middle of the third great period at the end of the eighth (or 
beginning of the ninth) horizontal series. They have but little 
pronounced aflinity, eitlier in the positive or nej^tive direction, 
which is also shown in connection with the characteristic property 
of this analytical grouj) the tendency to form sulpho-salt anions, 
wtiich in the case of these three metals is n‘latively slight. They 
all form complex compounds, in which the jnetals are contained 
in the anion. 

The members of the second division of the sixth analytical group 
occupy positions in the iifth, si.xth, and seventh grou})8 in the 
periodic system. On tlm one hand, come selenium, molybdenum, 
tellurium, and tungsten in succession in the vertical direction (the 
respe('tivc })aired and unj)aired members in each instance being 
closer to each other analyth'ally), and, on the other hand, they form 
two grou[)S of tliree (‘lements following one another in tlu' horizontal 
direc tion, viz. germanium, arsenic, and sc‘lenium, and tin, antimony, 
and tc'llurium of which agaifi the eletncnts occuj)ying positions 
in a vertical series (the paired members of the fourth, fifth, find 
si.xth periodic groups) closely resemble cxich other in their properties. 

All the meud)ers of this second division occupy a position on the 
])ord(M‘-liiie between metals and metalloids, and their negative 
character is tlie more pronounced when that position lies towards 
the end of the great jieriods, on the one hand, or is in one of the 
higher periods, on tlie other. All form sul})ho-salt anions (in accord- 
ance with the fundamental characteristic of tlie group). With the 
cxcc'pt ion of germanium all form anions containing oxygen. Arsenic, 
sehmiuin, and tellurium (and, as regards hydrogen, also antimony) 
occur, like' the halogens, in the free condition as anions. Only tin 
and antimony combine as cations with anions of oxygenated acids to 
form salts (with a tendency towards hydrolytic dissociation), whilst 
the other members only form salts with halogen ions. 

Analjrtical Character of the Group. — The sulphides are insoluble 
in dilute acids, 'rhey combine with alkali sulphides either directly 
or after absorption of sulphur, to form soluble sulpho-salts, in which 
the members of the si.xth group are present in the sulpho salt anion. 
Hence the ions of the above-mentioned elements, like those of the 
fifth group, are precipitated coXipletely from acidified solutions by 
means of hydrogen sulphide. The jirecipitated sulphides differ 
from those of the fifth group, in the fact that they are soluble in^4 
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soIutioHS of the sulphides of ainnionium, potassium, etc., and are 
re-precipitated from those solutions on the addition of acids. 

To facilitate the survey we have classified the meiiibers of fre- 
quent occurrence in this group into the following divisions : — 

* 

1. Noble Metals. • 

Gold and Platinum (with which may be classified iritlium from 
the rarer members). The oxides of these metals are decompo^d 
on ignition into the metal and oxygen, and the corresponding 
chlorides into metal and chlorine. The precipitates ])roduced by 
hydrogen sulphide, especially when formed in hot solutions, do not 
dissolve in boiling hydrochloric acid, and only to a slight extent, 
if at all, in boiling nitric acid. 'Fhe sul})hides are less soluble in 
ammonium sulphide solution than those of the other members of the 
sixth group. On igniting the suljihides in a current of chlorine, 
or with a mixture of 5 jiarts of ammonium chloride and 1 part of 
ammonium nitrate, a metallic residue is left. * 

2. Baser Metals or Metalloids. 

Antimony, Tin, Arsenic (together with the remaining rarer 
members). The oxides of these metals arc not decomposed by 
ignition into the metal and oxygen, and the chlorides volatilise when 
heated. The sulphides are .soluble in boiling hydrochloric- acid 
(with the exception of those of arsenic), and are dissolved or doconi- 
po.sed by boiling nitric acid. When heated in a current of chlorine, 
or with a mixture of 5 parts of ammonium chloride and 1 part of 
ammonium nitrate, the sulphides volatilise completely. 


Special Reactions of Memiiers of Group VI. of 
Frequent Occurrence. 

First Division : Noble Metals. 

Sec. 84. 

(a) Gold, Au, 107‘2. 

1. Gold is monovalent and tnvaUmt. Metallic gold is yellow, 
highly lustrous, fairly soft, and extremely ductile. When precipi- 
tated in the form of a powder, go A is brown and dull, but in the 
colloidal condition it is red or blue. Gold melts with difficulty at 
*1064°, and has a s])ecific gravity of ]9'3. It does not oxidise when 
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ignited in tlie air, and does not dissolve in hydrochloric, nitric, or 
sulphuric acids, but is somewhat soluble in hot concentrated sul- 
phuric acid containing nitric acid, and readily soluble in liquids con- 
taining chlorine or liberating chlorine, as, for example, aqua regia. 
The solutions contain auric chloride. As a general i^le the presence 
of oxidising substances {c.g. ferric chloride or hydrogen peroxide) or 
of many organic substances (alcohol, etc.) increases the solubility 
o^gold in acids, so that it then dissolves to some extent even in 
hydrochloric or sulphuric acid. Liquids containing free bromine 
or iodine also dissolve gold. It is also soluble in potassium cyanide 
solution, especially in tin*, presence of oxygen. It is not attacked 
on fusion with potassium hydrogen sulphate, but alkali hydroxides, 
in the ])r<'sence of air, alkali [)tM‘oxi(les, and alkali nitrate oxidise it 
at the teinp('rature of fusion. 

2. Aur]c oridc (gold oxide), Au^() 3 , is blacki.sh-brown ; the 
hgdiuridc is an ochre-brown or blackish-brown ])owder. Both 
compounds are reduced by light and heat, and are readily soluble 
in hydrochloric acid, but insoluble in dilute oxygenated acids. Con- 
centrated nitric acid ^ and sulphuric acid dissolve hydroxide to some 
extent, but wat('r re-jU't‘ci[ritates it from these solutions. Aurous 
oj'ide, Au 2 <), is violet-bla(*k, and is (h‘Composed, when heated, into 
gold and oxygen. 

3. Oxygenated .salts of gold are j)ractically unl'nown. Auric 
eJdoride, AutTj, is red lo brownish-red, loses chlorine at loCr to 
2 (K)'’, and leaves a yellowish-white residue - of aurous chloride, 
Au(d, which when strongly heat(‘d is decomposed into chlorine and 
gold, and on treatment with water into gold and auric chloride. 
Auric chloride solution is brownish-nul wlum concentrated, and 
reddish-yt'llow wlum dilute, an<l still shows a yellow colour when 
greatly diluted. It reddens litmus owing to hydrolysis. Auric 
chloride, is soluble in ether, especially in the pre.scncc of hydrochloric 
acid, and mav, therefore, be extracted from its aciueous solution by 
shaking with ether. (Method of separation from platinum ion and 
the ions of many other metals. Cf. My bus, Zeilscdt. anorg. Chem., 
70, 203 ; Zeitsch. anal. Cheni., 51, 380.) Auric hydrogen chloride, 
HAUCI 4 , is an acid. It crystallises in pale yellow crystals, HAUCI 4 
-f 4 H 20 , which dissolve in water, forming the so-called acid gold 

1 According to Wohlwill {Ahegg's^Iandhuch, II., 1, p. 820), auric hydroxide 
dissolves fairly readily in nitric acid. 

® According to Meyer {Coinpl. rend., 133, 816 i Chem. Zentr., 1902, 
I., 18), aurous chloride is grey-green. 
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chlori(^e solution. Its ions are, therefore, present in all solutions of 
auric chloride containing excess of hydrochloric acid. 

4. Hydrogen sulphide 'precipilates th^ whole of the gold ion from 
a neutral or acid solution of auric chloride. (Ammonium thioaceiate 
effects a similar precipitation.) The brownish-black precipitate 
obtained in the cold is mtrons sulphide, AU282 (L. Hoffmann and 
G. Kriiss). From hot solutions hydrogen sulphide p-recipitates 
metallic gold. The precipitate produced by hydrogen sulphide^ is 
insoluble in hydrochloric or nitric acid, even on heating, but dissolves 
in aqua regia. The aurous sulphide precipitate is soluble both in 
colourless and yellow aninionmin sulphide solutions, especially on 
heating, and .still more soluble in sodium or potassium sulphide 
solution, sometimes leaving a residue of gold powder. When 
ignited in a eurrent of chlorine, or with f) })arts of ammonium chloride 
and 1 part of ammonium nitrate, it leaves metallic gold. 

5. Ammonium sulphide gives a browrnsh-black ])recipitate of 
aurous sulphide. Au^So, \vhicli is soluble in exce.ss of the precipitant, 
especially on heating. 

6. Alkah hydroxides precipitate aurw hgdro.mle, which dissolves 
in excess of the ]treci])itant, with tin* formation of auratc ion, AuO'^. 

7. Ammonia, added in excess to not too diliiti' solutions of auric 
chloride, gives a yi'llow to brown highly cx[)losivc jiri'cipitate of 
^^fulminating gold chloride f a mixture of two substances, which when 
dried have compositions corres})onding to the formuhe AU2O3.3NH3 
(auric oxide sesquiamine), and ('l(NJl2)Au.Nl[.Au(NJl2)Cl (dianiino- 
imino-diaurous (*hloride). Solutions containing much ammonium 
chloride yield only diamino-auric chloride, (Nll2)2AuC'l, which is not 
explosive. On treating these compounds with ammonia solution the 
halogen is eliminated. In the presence of much ammonium nitrate 
auric tetramine nitrate, [Au(Nll3)4j(N03)3, is formed (F. Weitz, 
Liehig\s Ann., 410, 117). 

8. Reducing agents precipitate metallic gold 1 from a solution 
of auric chloride, usually in the form of a brown [lowder, whicli, when 
suspended in the liquid, causes the latter to appear blue by trans- 
mitted light. Under certain ('onditions, the gold may also be pre- 
cipitated in crystalline form or in particles reflecting a gold lustre, 
whilst under other conditions blue or red colloidal solutions are 
obtained. Of the many possible methods of precipitation by means 
of reducing agents the following ^nay be mentioned : («) Ferrous 
salts reduce auric chloride in its solutions, and precipitate metallic 

^ I In many cases the presence of ammonium salts has a restrictive influence. 
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gold in the form of an extremely fine brown powder. The liquid in 
which the precipitate is suspended apj^ears blackish-blue by trans- 
mitted light. I'he dried precipitate shows a metallic lustre when 
pressed witli the blade of a knife. When the gold solution is rendered 
alkaline l)y the addition of a few drops of potas^iuip or sodium 
hydroxi(le solution, before adding a small quantity of ferrous sulphate 
solution, a black precipitate is obtained instead of a dirty-greeil 
01^., even when the solution is very dilute (11. Rose, Riidorff). 
{b) Potassium nitrite ])rodue('s a precipitate of metallic gold, even 
in very dilute solutions, after a short time. When the liquid is 
excessively dilute it shows only a blue (ioloration at first, (c) Sulphur 
dioxide ])recipitates gold, slowly in the cold, and rapidly on heating. 
(d) On adding OXalic acid to a solution of auric chloride, which is 
free Irom nitric acid, and contains litile, if any, hydrochloric acid or 
alkali chloride, and lu'afing the liiiuid. carbon dioxide is evolved, 
and gold separates, either in golden lustrous scales or as a golden 
mirror-like mi'tallic de[)0sit on tin* sides of the glass vessel : 2AUCI3 
2Au l-OHd -{ (iOOo. In acid .solution there is either 
no reduction or only an incomplete one. This, however, is the case 
when the gold solution is }»reviously treated with sodium carbonate 
solution (Triwoznik, ilton. Zenir., 1912, 1., 209). (c) Formaldehyde 

precipitates gold in the form of lu.strous crystals from strongly acid 
solutions. (Met liod of si'paration from the ions of copper, antimony, 
mercury, zinc, lead, jnanganese, tin, and arsenic, and also from 
platinum, which is only very slowly precipitated.) formaldehyde 
preci])itates gold also from alkaline solutions on heating. Aceialde- 
hifdc has the same eilect. Chloral hydrate effects a reduction in 
alkaline, but not in acid solutions. Dimefhylglyoxinie ])reci})itates 
gold completely in metallic form from boiling hydrochloric acid 
solutions. (/) Hydrazine salts and hydroxylamine salts effect 
complete precipitation of gold from neutral, acid, and alkaline 
solutions (Knocvenagel and Eblcr, Ber., 35. dObb). The latter pre- 
cipitant in hydrochloric acid solution, in which it does not act until 
the liquid has been heated to 8tk’, and then somewhat slowly, is the 
more suitable reagent when other cations which are also jirecipitated 
by hydrazine salts are ])resent {e.g. platinum, iridium, and rhodium 
ions. Jannasch and Mayer, Ber., 38, 2129 and 2130). Gold is 
not precipitated from its potassium cyanide solutions by hydro- 
xylamine salts and alkali (Laj^er, Zcitsch. anal. Chem., 41, 305). 
(g') Acetylene prec'ipitatcs metallic gold from acid, but not from 
alkaline gold solutions. (//) Hydrogen peroxide in alkaline solution, ^ 
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and also sodium and barium 'peroxides, precipitate gold, with the 
evolution of oxygen. (Distinction from j)latimim and iridium ions. 
Vanino and Seemann, Her., 32. 1968). (/) Stannous chloride pre- 
cipitates metallic gold as a brown powder from concentrated strongly 
acid soluti9nscof auri(; chloride: 2AuCl3+3SnCl2=3iSnCl4+2Au. 
Stannous chloride containing stannic chloride (readily prenared by 
mixing stannous chloride solution with a little chlorine water) 
produces, ev€7i m extremely dilute slightly acid solutions, a purjde-r/’d 
precipitate, or one which is sometimes rather more violet or tends 
towards brownish-red ; or else, a similar coloration of so-called gold 
purple {purple of Cassius). This is a mixture of red colloidal gold 
with colloidal stannic acid ^ (Zsigmondi, Liebig's Ann., 301, 29, and 
3G1). The precipitate is decomposed by hydrochloric acid with 
the scj)aration of gold, (k) On treating an auric chloride solution 
with a few drops of arsenic acid solution, 2 to 3 drops of ferric chloride 
solution, and 2 to 3 drops of hydrochloric acid, diluting the li(]uid 
with water to KX) c.c., and adding a fragment of zinc, a purple colora- 
tion develops round the zinc and gradually permeates the whole 
liquid ((^arnot, Ber., 32, 19G8 ; Zeitsch. anal. Chem., 39, 181). 

9. For the detection of small quantities of gold the following 
reactions, some of which are also bas(‘d upon a rc'duction to colloidal 
gold, have been described : p-Phenylenediamine produces, evim in 
very dilute solutions, a green coloration (.1. K. Saul, Chrm. Zenir., 
1913, I., 1138). m-Phenylenediamine [)roduces a yellow to dark 
brown coloration ; this is a very sensitive reaction (Siemssen, Chem. 
Zeit., 36, 934). Benzidine in acetic acid solution gives a blue to green 
coloration (Malatesta and Di Nola, Chem. Zenir., 1913, 11., 71(5). 
Tetrameihyldiaminodiphenylmetham {‘‘I’o grins, dissolved in 10 c.c. of 
citric acid solution, 1:1, and made up to 500 c.c.) gives a purple 
coloration with solutions of gold salts, or a light blue coloration in 
extremely dilute solutions (Carney, Chem. Zenir., 1912, 1., 854). 

10. All gold compounds are reduced when heated on charcoal 
sticks (p. 88), or upon charcml in the blowpipe flame. On triturating 
the charcoal, glistening golden particles are obtained, which aic 
insoluble in nitric acid, but di.s.solve readily in aqua regia. 

11. When borax is partly dehydrated, and the resulting mass 
moistened with a dilute solution of a gold sa’t and fused into a bead, 
characteristic colorations, due to colloidal solution, are obtained. 

^ Gk>ld purple of similar appearance may also be produced by precipitating 
red colloidal gold upon white substances (paper ash, asbestos, see Chem. Zenir. ^ 
1908, L, 1676). {Zeitsch. and. Chem., 41, 303 ei seq.) 
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In the presence of gold a ruby-red coloration is produced. After 
heating the bead for some time the colloidal condition disappears, 
the bead becoming first blue, then greenish-blue, and finally colour- 
less. If any considerable quantity of gold is present the bead, 
after being heated for some time, appears liver-coloured by reflected 
light umb blue by transmitted light. In the presence of free sulphuric 
acid and tree halogen the reaction does not take place. Platinum 
ml^y mask the gold coloration (Donaii, Monalsh. f Chem., 25, 913 ; 
Zeitsch. anal. Chem., 44, 205). 

Analogous colorations are obtained with alkali phosphate beads, 
but large amounts of the alkali salt change the red coloration into 
violet. In the ])resence of iron the red coloration only ap])cars after 
cooling. 

12. \\ itli regard to the micrac/ionical delerlion of gold ion, see 
Ilaiishofer, Mihroskopisrhe Reahhonen, p. 50; Pehrens-Kley, 
Mikrochemisehe Amtlg.^e, 3rd ed , )>. 155; Donan, ('hem. Zjeidr., 
1904, II., 918 ; JV)zzi-Pscot, Chem. Zentr., 1907, 1., IIGO. 

Sec. 85. 

(b) Platinum, Pt, 195-2. 

1. Platinum is divalent and fetravalent. Metallic platinum in 
the compact (condition is pale steel grey, very lustrous, fairly hard, 
and very ducOle, It molts with great diiru-ulty at about nbO"", has 
a specific gravity of 21-1. and is not oxidised when ignited in the 
air. Spongy jilatinum is dull grey, jn-ecipitated ])latinum (platinum 
black) is black and pulverulent. Hydrochloric acid, nitric, acid,i 
and sulphuric acid ^ do not dissolve platinum, but it is soluble in 
aqua regia, especially on heating. The solution, in the presence 
of excess of liydro(’hloric acid, contains the ions of platino- 
hydrochloric acid, HoPtUlo ; hydrochloric acid with hydrogen 
peroxide also dissolves platinum. Platinum is not attacked by 
fusion with ])otassium hy<irogen sulphate, but it is oxidised at 
ignition temperature liy alkali nitrates, by alkali hydroxides in the 
presence of air, and by alkali ])eroxides, Platinatcs, which are 
soluble in hydrochloric acid, are formed in the process {cf. Leidie 
and Quennessen, Chem. Zentr., 1902, I., 907), so that platinum 
vessels are attacked when these substances arc fused in them {cf. 

* Platinum dissolves to an appreciable extent in nitric acid in the presence 
of many other metals, especially when it is alloyed with silver. 

® With regard to the action of boiling concentrated sulphuric acid, see 
Zeitsch. anal. Chem., 52, 570. 


21 
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p. 69): A fusion mixture of ammonium sulpliate and potassium or 
ammonium bromide also attacks platinum, whereas the individual 
substances do not (Meker, Comp, rend., 125, 1029 ; Chem. Zenlr., 
1898, 1. , 438). Potassium cyanide solution can also dissolve platinum 
to some extent in the absence of air, with the evolution of h}drogen 
(F. Glaser, Zeiisch. Elekrochem.. 9, 11). 

2. Plaiinic oxide, Pt() 2 , is a black ])owder, and itk’ hydroxide, 
Pt(OH) 4 , a reddish-brown powder. Both are reduced on heati'ng. 
The hydroxide dissolves readily in dilute acids and in sodium 
hydroxide solutions. Platinom oxide, PtO, is dark violet, and its 
hydroxuk, Pt(On) 2 , black ; both leave a residue of the metal 
when ignited. 

3. The platwic salts are decom])Osed on ignition : they are 

yellow or brown in colour. Plalinie chloride, Pt('l 4 f forms 

red crystals, and platinohydrochloric acid, B^ktPlc | GJl^O, forms 
brownish-red crystals. What is commonly termed platinum 
chloride solution is really a solution of platinohydrochloric acid, 
and has an acid reaction. Both platinic chloride and platino- 
hydrochloric acid are converted into jdatinous chloride, PtCl^, when 
gently ignited, and into platinum on strong<'r ignition. A solution 
of platinic chloride containing platinous (ddoride is dark brown in 
colour. 

4. Hydrogen sulphide gradually produces a brown coloration 
in acid or neutral solutions, and subsequently gives a black pre- 
cipitate of platinic sulphide, ]^tS 2 , hid even after a fairly long action 
does not effect a complete precipitation.^ (The difliculty of pre- 
cipitation is due to the fact that the platinum is nearly always 
present almost completely in the form of the complex anion, PtCP'^), 
and only to the extent to which this is dissociated into Ft"" and 
6C1' is it accessible to the action of hydrogen sulphide.) On heating 
the solution containing the hydrogen sulphide the precipitate is 
immediately produced. Th(‘ precipitate al.so readily carries down 
substances which by themselves are not precijiitated from acid 
solutions by hydrogen sulphide, notably ferrous sulphide (Wilm). 
Alkali sulphides, especially polysulphides, dissolve platinic sulphide 
when they are used in large excess and* with the aid of heat, bul 
complete solution is slow and difficult to effect. Hot nitric acid 
dissolves platinic sulphide precipitated in the cold, forming a darl 
brown solution, but has little act>^n upon the sulphide precipitatee 

' In the presence of raerouric chloride platinum sulphide is j)reeipitate< 
more rapidly and completely. 
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from a hoi solution. Hydrochloric acid does not dissolve platinic 
sulphide even on heating, but aqua regia dissolves it readily. When 
the sulphide is heated in a current of chlorine, or with a mixture of 
5 parts of ammonium chloride and 1 part of ammonium nitrate^ it 
leaves a residue of metallic platinum. ^ 

5. /immonium sulphide also gives a hlacJcishdmivn 'precipitate 
of platinic sulphide. This dissolves slowly (more rapidly on heating) 

an excess of the precipitant, especially when the latter contains 
ammonium polysulphide, but it is always difficult to effect complete 
solution. Acids precipitate it unchanged from the reddish-brown 
solution. 

G. Potassium chloride or ammonium chloride, when added to 
solutions of platinohydrochloric acid which are not too dilute, 
produces a yellow crystalline precipitate of potassium or asmnonium 
platinocMoride. In the case of dilute solutions the precipitates are 
obtained by evaporating the liquid, after addition of the precipitant, 
on tlie water bath, and treating the residue with a little water or 
dilute alcohol. The ])reci])itates dissolve more readily in acids than 
in water. They are nearly insoluble in ex(*es3 of potassium or 
ammonium chloride solution. (Potassium hydroxide or ammonia 
produce similar prcci})itates, especially in the presence of free hydro- 
chloric. acid.) The precipitates arc soluble in hot concentrated 
potassium or sodium hydroxide solution. The platinum will then 
be present in solution in the form of anions (PtCl|()ir, PtCd 40 ", or 
PtO'^j} ?). Ammonium platinochloride leaves a residue of spongy 
])latinum on ignition, whilst potassium platinochloride leaves 
2 )latinum and potassium chloride. Complete decomposition of the 
latter only takes place when the ignition is carried out in a current 
of liydrogen, or after the addition of a little oxalic acid. 

7. Stannous chloride produces an intetwe dark red to hrowtiish- 
red coloration in solutions whi<-h contain much free hydrochloric 
acid, or, in the case of very minute quantities of platinum ions, a 
yellow coloration, but does not form a precipitate. On diluting the* 
liquid with water, however, a precipitate is obtained. Under these 
conditions, there is a separation of colloidal platinum mixed with 
colloidal stannic hydroxide, analogous to the formation of the gold- 
purple of Cassius (Wohler and Spengel, Zeitsch. Chem. hid. Kolloide, 
7 , 243 ; Chem. Zenlr., 1910, II., 1870).i 

^ Tho reaction with stannous ch!!()rido is only di.stinctivo when humio 
substances (which may be removed by ignition) are ahsent, since these (in- 
cluding e.(f. filter paper, wliich has boon evaporated with aqua regin) show a 
similar coloration (Langstoin and rrausuitz, Chtm. Zeit., 38, bOiq. 
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8. On treating a solution of platinohydrochloric acid with potas- 
sium iodide in excess a very charade riMic dark red coloration^ or, in 
the case of very dilute solutions, a pink coloration is obtained, which 
may be due to the liberation of iodine, while platinic chloride ion 
is reduced to platinous chloride ion : PtCr6-}-2r— PtCl"4-l-2Cr-fl2» 
as for example, K2PtCl5+2KI~K2PtCl4-f2KCl-l-2I. 

9. Ferrous sulphate does not give a precipitate wifii platinic 
chloride solution, unless the licpiid is boiled for a very long time, 
in which case the chloride is eventually reduced with the separation 
of platinum. If, however, sodium hydroxide and tlien hydrochloric 
acid are added to the platinic cldoride solution after the addition of 
ferrous sulphate platinum black is precipitated. 

10. Oxalic acid and svlphur dioxide do not precipitate platinum 
from a solution of platinic chloride, even on heating, neither does 
acetylene, (distinction from palladium ion), nor Jujdroxylamine in 
acid or alkaline (sodium hydroxide) solution, nor hydrogen peroxide 
in alkaline solution, give any precipitate. (Distinction from gold 
ion in each case.) 

11. Other reducing agents, e.g. formic acid in neutral boiling 
solution, glycerin and sodium hydroxide when heated, migneMum, 
zinc, or hydrazine in alkaline or dilute acetic acid solution, precipitate 
metallic platinum as a fine black [)owdcr. 

12. Benzidine in acetic acid solution produces a flocculent blue 
precipitate after a short time, even in very dilute solutions of 
platinum salts (Malatesta and Di Nola, Chem. Zentr., 1913, II., 717). 

13. On igniting a platinum compound with sodium enrhonate on 
a loop of fine platinum wire in the upper oxidising flame, a spongy 
grey mass is obtained, which when triturated in an agate mortar 
yields silvery-white malleable particles of metal, which are insoluble 
in hydrochloric or nitric acid, but dissolve in aqua regia. 

14. When a dilute solution of a platinum salt is absorbed by 
means of thin asbestos paper and the water evaporated, this process 
repeated several times, and the paper finally ignited and exposed to 
a current of gas from an unlighted Bunsen burner, it will become 
incandescent. This is a very sensitive and characteristic reaction 
of the platinum metals (platinum, palladium, iridium, rhodium). 

15. Borax heads (preferably those obtained by moistening partly 
dehydrated borax with a dilute platinum salt solution and then 
fusing the mass into beads agai^') and alkali phosphate heads are 
coloured fawn-brown by platinum. In the presence of larger amounts 
of platinum the bead becomes opalescent to turbid. On longer 
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heating, the colour disappears, owing to the colloidal platinum 
uniting into a metallic film. The colour is more stable, however, 
than that of gold (Donau, Zeitsch. anal. Ohem., 44, 205 ; CJiern. 
Zentr.f 1908, 1., 1575). 

16. With regard to the microchemieal detection Si platinum, see 
HaushoT'r, M ikroskojmclte ReaUionen, p. 110; Behrens-Kley, 
Mikrocheniische Analijse, 3rd ed., p. 157 ; Donau, Chem. ZetUr., 
m7, II., 1443. 

Sec. 86. 

Summanj and Remarks on Group VI. 

1. The reactions of gold and platinum ion enable these cations 
to be directly detected, at all events in many cases, both in the 
presence of many other cations and also, in particular, when only 
platinum and gold ion are in the solution. In the latter case advan- 
tage may be taken of the fact that gold is precipitated by many 
reducing agents which do not precipitate platinum (ef. 9 and 10 in 
the [^receding sections). If oxalic acid is used, it is best to evaporate 
the solution nearly to dryness on the water bath, and if nitric acid 
is ])resent, to repeat tlu' evaporation several times after the addition 
of hydrochloric acid. The residue is taken up with water, and the 
solution, which should be nearly free from hydrochloric acid, is 
treated with oxalic acid, or better, with sodium oxalate, and heated 
for some time, so as to precipitate the gold ion completely. The 
filtrate from this precipitate is treated with ammonium chloride and 
evaporated on the water bath nearly to dryness, and the residue 
treated with dilute alcohol. This dissolves the excess of ammonium 
chloride and of oxalic acid, or of sodium oxalate and carbonate, 
whilst the platinum ion is left as an insoluble residue of ammonium 
platinochloride. If very little platinum is present, it is preferable 
to evaporate the fdtrate from the gold to dryness and ignite the 
residue in order to remove the oxalic acid. The i)latinum is left 
in metallic form. It is washed and dissolved in a few drops of aqua 
rcijia, and further tests applied to the resulting solution. 

2. A method of separating gold ion from platinum ion may also 
be based on the solubility of auric chloride in ether. With regard 
to the special application of this method, see Mylius, Zeitsch. anorg. 
Chem., 70 , 203 ; Zeitsch. anal. Chem., 51 , 380. 

3. For the separation of gdd and platinum ions from other 
cations, Christensen (Zeitsch. anal. Cltem., 64, 158) recommends 
precipitation with hydrazine sulphate (in presence of barium ion, 
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hydrazine chloride) from a solution slightly acidified with hydro- 
chloric acid. The precipitate will contain only gold, platinum, 
mercury, and a little copper. 

As an ap))eiiiix to this section the separation of the ions of the 
rest of the platinum metals from each other and from gold and 
platinum ions may be outlined. Mylius and Mazzucchclli (Zcilsch. 
anorg. Chem.^ 89, 1 (1914)) have studied this subject in all its detailie, 
and from their results it appears that the presence of the ions of the 
other platinum metals interferes to a considerable extent with the 
reactions of the individual ions in the pure condition, as described 
in Secs. 79-82. While making a general reference to the work of 
these chemists, we also give on p. 327 their process for the detection 
of the ions of platinum metals and of gold in the presence of some 
other cations, which nearly always accompany them. 1 n reference 
to this scheme it may be pointed out that whereas the group pre- 
cipitations proceed from silver ion to iron ion, the secondary pre- 
cipitations (1-6) follow the reverse direction, lly this means it is 
j)0SHihle to unite the “ residues which are obtained in the first 
separations, and consisting mainly of iridium and ruthenium com- 
pounds, with the main portion of those metals, ddie analysis ends 
with the separation of these two ions. 

Mylius and Hiittner {Zeilsch. anorg. Chem.^ 95, 257 (1916)) have 
studied the behaviour of platinum in a luminous gas flame, and their 
results indicate that the le.ss pure the platinum the greater the 
deposition of soot, so that this enables an estimation of the degree of 
purity to be made. 


Second Division, Group VI : Baser Metals or Metalloids. 

Sec. 87. 

(a) Tin, Sn, 119-0. 

Tin is divalent and teiravalcni. Metallic tin is greyish-white, 
highly lustrous, soft, ductile, and crackles when bent. It can be 
converted into grey tin below -f 20'^, and thereby disintegrated, and 
this is particularly liable to occur on exposure to great cold (“ tin 
disease ”). At about -j 2W it changes into rhombic brittle tin, 
which can readily be powdered. The specific gravity of white tin 
is 7’28. Tin melts at 231’8'', boils at a white heat of ignition, is 
oxidised when heated in the air, but only completely after long 
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Scheme koji the Detection of the Ions ok PtI, Pt, Rh, Ru, Ir, 
All, Ag, Cu, Pe. 

(1 mgrm. of (‘ach in solution as cliloride.) 

Cioup Precipitation. Secondary Separations. 


J. The solution Is evaporated neaily to 
dryness, dniu.ed with 2 c.c. ot water, and 
llitered from i.lio dark precipitate. 
Precipitate . Sliver cliloride. 


II. The Idtrate from 1. Is saturated with 
powdeied ammonium chloride. 'I'he pn‘- 
cipitate is sejiarated attoi one lioiii, and 
washed with a little ammonium cldoilde 
solution. 

Pieci|)itato : Double clUoiides of 

pladnum, iiidium, and lulhemum. 


III. The flltiate from If. is evaporated to 
dryness with 3 c.c. of dilute nitric acid. 
The cold saline residue is mi.\ed with ililute 
nitric acid to foim a solution almost 
satuiated witli ammonium cldoiide, so 
tliat tlie easily soluble double chlorides of 
rhodium, gold, coiipor, and iion arc <Hs- 
solved, whilst the daik doiilile salts of 
palladium, iridium, and ruthenium are left 
uniUssolved. 'I'lils residue is washed with 
a very little dilute ammonium cliloride 
solution containing nitiic acid. 

IV. The filtrate fiom III. is evaporated 
to dryness with dilute hydrochloilc acid, 
the residue ihssolved in 5 c.c. ot water witli 
the addition of a drop ot dilute hydiochlorlc 
acid, and the solution r.ipidiy saturated 
with hydrogen sulphide at about 18“. The 
black iirecipltate is separated after ten 
minutes and washed with water. 

Precipitate : Sulphides of gold and 
copper. 


V. 'i'he rod llltrate from IV. (d to 8 c.c.) 
Is treated for halt an hour with hydrogen 
suluhide, beiiw rnfanwhilc healed. After 
boiling the liquid, the piecipitato is 
separated and washed with water. 

Precipitate : Khodlum sulphide. 


VI. The filtrate from V. Is boiled, 
oxidised with nitric acid, and treat'd with 
ammonia, and the brown piecipitato of 
ferric liy dioxide is separated. 'I’lie llltrate 
on evaporation leaves a residue of ain- 
monlum salts, wliicli are completely 
volatilised on heating. 


6. Th(! precipitate is extracted on the 
filter witli ammonium solution. A white 
precipitate indicates (on adding nitric acid 
to the llltrate) Silver ion. 

The dark residue on the filter Is added 
to that in .5. 

5. 'the ammonium chloride precipitate 
(to whicli have been added the insoluble 
residues obtained in 1 to 0) is licated In 
hydrogen finally at white heat. The metal 
is extracted wilh dilute aqua requi, and 
platinum ion ia detected in the concentrated 
. solution by the formation of yellow plati- 
num ammonium chloride. 

I 'Tile Insoluble residue is ignited witli 
0*3 grin, of sodium nitrate in a small spoon 
of gold or silver. Ruthenium is taken up 
by the fused mass with yellow coloration, 
wliilst a blue insoluble residue indicates 
1 indium. 

\ 4. 'I'iic prccii)ifatc is I'vaporatcd with 

I hyuioiidoiic acid, the residue dissolved in 
; 3 c.c. oi water, and the solution saturated 
, witli iiydntgen sulphide. 

! The separated flocculcnt siilidiide is 
evaporated with aqua regia. 'I'lie solution 
of the residue will contain palladium ion, 
! which may be detected by precipitation 
, w'lth mercuric cyanide. 

I Any residue containing iridium is added 
to that in 5. 


3. 'The sulphide jireciintate is dissolved 
in dilute aqua regta, and the solution 
evaporated. 'Tlie lesidue is dissolved in 
dilute liydrocbloiic acid, and the solution 
extracted with ctiici.’ 

Gold ion may be tletectcd by the yellow 
colour ot the etlieieal layer, and by pre- 
cipitation with suliiliur dioxide. 

'I'he sulphide is inecipiLated from the 
I aqueous layer by means of liydrogen 
! sulphide, and the precipitate washed and 
1 iguitcif. The losidual oxide is extracted 
; with dilute nlfric acid. Copper ion is 
indicated by the blue coloration obtained 
on treating the solution with ammonia in 
excess. Any residue insoluble in nitric 
acid is added to that in 5. 

2. 'The sulpliido precipitate is dissolved 
oft the inter by means of hot dilute aqm 
regut, and the solution evaiiorated. 'The 
residue when heated with concentrated 
hydrochloric acid gives a phik solution, 
wlilch indicates rhodium ton. When 
■ heated witli mercaptan tlie solution becomes 
; yellow. 'Traces of indium ion may still be 
: present la the liltrato. 

1. 'I'he precipitate is ignited. Feme ion 
is detected ns Prussian blue in a hydro- 
chloric acid solution of the jirecipitate. 

Any insoluble residue which may be 
obtained is added to that in &. 
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heating, into white Btannie oxide, and is attacked by chlorine and 
bromine, even at the ordinary temperature, with the formation of 
volatile chlorides or bromides. When heated on charcoal before 
the blowpipe it forms a wdiite deposit on the charcoal. The cations, 
stannous ion^ and stannic ion, fc^n* ", and the anions, stamiite ion, 
SnO' 2 . and stannate ion, SnO" 3 , correspond respectively to divalent 
and tctra valent tin (if. also Sec. 88). The tendency to foim cations 
is only very slight, Sn’"‘ being relatively stable only in the j)resen^;e 
of a considerable excess of acid, ilence a pronounced tendency 
towards hydrolysis and to the formation of colloidal inodijimtions, 
wliich are often very stable, is particularhj characteristic of tin com- 
pounds (cf. Sec. 88, 1). (V)nc(Mitrated hydrochloric acid dissolves 
tin as stannous chloride, with the evolution of hydrogen, whilst 
aqua regia, according to the conditions, dissolves it as stannous and 
stannic chlorides, or only as stannic chloride. JJilute sulphuric 
acid dissolves it with dilFiculty, vlnlst the concentrated acid, when 
used in excess, converts it into stannic sulphate, with the simultaneous 
evolution of sulphur dioxide. Very dilute cold nitric acid dissolves 
tin slowly, without the evolution of gas, as stannous nitrate, while 
ammonium nitrate is also formed. Moderatel}’ dilute nitric acid 
readily oxidises tin, especially on heating. The resulting white 
hydroxide, mcia8tan7}iG acid, Sn(UlI) 4 , is insoluble in excess of 
nitric acid.i 


(a) Divalent tin, Stannous ion, Sn- , and Stannite ion, SnO"^. 

1. Stannous oxide (tin monoxide), 8nO, is a black or grey-black 
powder, which is converted into stannic oxide when heated in the 
air. Stannous hydroxide is white. W hen fused with potassium 
cyanide, stannous oxide is reduced ; it is readily soluble in hydro- 
chloric acid. Nitric acid, when used in excess, converts it into 
insoluble metastannic acid. 

2. The stannous salts arc colourless ; those of volatile acids arc 
decomposed on ignition, and, when access of air is allowed, leave a 
residue of stannic oxide. Neutral salts, soluble in water, redden 
litmus, owing to hydrolysis ; those insoluble in water dissolve in 

1 The products of the oxidation of tin with nitre acid vary greatly with the 
temperature and conditions of concentration (seo Gmelin -Kraut, 7 th cd., 4, 
253-264). In the presence of iron (also of aluminium or chromium) nitric acid 
yields a residue of tin hydroxide, which is soluble in water and doubtless contains 
ferric nitrate (F. H. Van Lecnt, Chem. £entr., 1899, I., 101). When alloyed 
with antimony, tin is soluble in nitric acid containing tartaric acid (Czerwek, 
Zeitach. anal, Chem., 46, 607). 
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hydrochloric acid if they have not been ignited. Stannous salts 
attract oxygen eagerly from the air, and are converted partly or 
completely into stannic salts ; hence stannous compounds are 
strong reducing agents. Stannous chloride also absorbs oxygen 
both in the cr^^stalline condition and in solution, Ifeing converted 
into stannous oxychloride and stannic chloride. A solution of 
stannous chloride therefore soon becomes turbid, if the bottle is 
0|i»ened and little free acid is present, and for this reason only freshly 
prepared stannous chloride dissolves, forming a clear solution in water 
(free from air), whilst stannous chloiide crystals which have been 
kept only form a clear solution in water containing hydrochloric acid. 
In the presence of tartarhj acid or of ammonium chloride a turbidity 
is produced, owing to the formation of complex ions. Stannous 
chloride is soluble in ether (de Jong, Znlsch. amd. Chain., 41, 590). 

3. Hydrogen sulphide produce's a dark brown precipitate of 
hydrated stannous sulphide, Sn8, in twutnd and acid solutions, but 
not, or at all evemts inconi[)letely, in alkaline solutions. The 
presence of a very large amount of free hydrochloric acid inhibits 
the precipitation. This is also prevented by the presence of much 
oxalic acid or ammonium chloride (Clarke, see 13). Stannous 
sulphide is only sliyhlly, ij at all, soluble in anunoniuni sulphide, but 
dissolves readily as anunoniuni sulphoUannatc in yellow anunonium 
sulphide containing poly sulphides, the anion 8n8"3 being fornied. 
Acids precipitate yellow stannic sulphide, 81182) mixed with sulphur 
from this solution. 8tannous sulphide is soluble in potassium or 
sodium hydroxide solution, complete solution being promoted by 
heat. Sodium peroxide solution dissolves stannous sulphide as 
sodium stannate. Hot hydrochloric acid dissolves it with the evolu- 
tion of hydrogen sulphide ; boiling nitric acid converts it into 
insoluble metastannic acid. On igniting stannous sulphide in a 
current of chlorine, or with a mixture of 5 parts of ammonium 
chloride and 1 part if ammonium nitrate,^ or in a current of 
bromine vapour containing carbon dioxide (Jannusch and Rose?, 
Zeitsch. anorg. Chem., 9, 194), it volatilises completely, being mean- 
while decomposed. 

4. Ammonium thioacelate precipitates stannous sulphide from a 
solution of stannous ion containing hydrochloric acid. On heating 
the liquid the precipitation is comjdete. 

^ If the latter operation is carrioJI out in a glass tube fused together at the 
bottom, or in a current of air, the tin will bo found in the sublimate as stannic 
chloride. 



330 BEHAVlOVn OF SUBSTANCES TO REAGENTS ch. ii 


5 . Sodium thiosul'phate does not at first ])rodiico a ])rocipitatc 
in acid solutions of stannous salts, but sulphur dioxide is liberated 
to some extent. Not until after some time is a white precipitate 
formed ; this precipitate, consisting of a mixture of stannic sulphide 
and stannic* h3^roxide, rapidly subsides. If the stannous solution 
was very acid, the precipitation is only complete when the liquid 
is suitably diluted and a large excess of thiosulphate added. Sul'phur 
dioxide is reduced by stannous chloride, stannic chloride and hydrogen 
sulphide being formed : 3SnCl2+6lICl-fS02=3SnCl4-l-2H20+H2S. 
Since the hydrogen sulphide acts both on the solution of the tin 
salt and upon the sulphur dioxide, stannic sulphide or stannous 
sulphide and sulphur may be precipitated according to the conditions 
(Donath, Zeitsch. miah Chem., 36 , 663 ). These reactions may also 
take place in a slightly acid solution through the action of sodium 
thiosulphate. 

6. Ammonium sulphide also produces a precipitate of hydrated 
stannous sulphide, 

7 . Potassium or sodium hydroxide, ammonia, and also am- 
monium carbonate, give a volmmnous while precipitate of dannous 
hydroxide, 8n(OH)2, rohich dmolves readily in excesa of poUmiuin 
or sodium hydroxide solution, with the formation of alkali stannite, 
Sn(0K)2, but is insoluble or, at most, only very slightly soluble in 
excess of the other precipitants. When the alkaline solution is 
rapidly evaporated, alkali stannate, SnO(()K)2, remains permanently 
in solution, whilst metallic tin is precipitated ; if, on the other hand, 
the solution is slowly evaporated, anhydrous black stannous oxide 
separates, and this may also be precipitated merely by leaving the 
alkaline solution exposed to the air. Tartaric acid prevents the 
precipitation by alkali hydroxides or carbonates. 

8. On adding a few drops of a solution of bismuth nitrate to a 
solution of alkali stannite (obtained as described in 7 by the addition 
of excess of alkali hydroxide to a stannous chloride solution), a white 
precipitate, rapidly turning Hack, is obtained {cf. Sec. 76 , 11 ). 
The reaction is very sensitive. It depends upon the reduction of the 
bismuth hydroxide first precipitated, and the conversion of the 
stannite ion into stannate ion, SnO''2+^=^S^^^^3* 

9 . Auric chloride produces a brown, reddish-brown, or even a 
purple precipitate {cf Sec. 84 , 8 (i)) in solutions of stannous chloride 
or of a stannous salt to which hyCrochloric acid has been added, 
according to whether the solution contains more or less stannic 

» chloride or is more or less concentrated. 
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10. If stannous chloride or a solution of a stannous salt mixed 
with hydrochloric acid is added to excess of mercuric chloride 
solution, a white precipitate of mercurous chloride is obtained : 
21Ig0l24-SnCl2=Hg2Cl2-fSnCl4 {cf. Sec. 74, 0). 

11. If a liquid containing a staiiJious salt arid hydrochloric 
acid is treated with a mixture of potassium ferricyanide and ferric 
chloride solutions, a precipitate of Prussian blue is immediately 
olptaincd, owing to the reduction of the ferric ferricyanide, 
Fe[Fc(C’N)(jJ to ferric fcrrocyanidc, Fc 4 [Fc(CN)q ]3 : 

4Fe[Fe(CN)G]+411CPl-2SnCl2=Fc4[Fc(CN)6]3+H4[Fc(CN)6]+2SnCl4 

This reaction is extremely sensitive, but is only decisive in the 
absence of other reducing substances.^ 

12. A solution of ammonium molybdate containing sulphuric 
acid is reduced by stannous compounds, with the production of a 
blue coloration. The reaction is sensitive, but only decisive in the 
absence of other reducing agents. 

13. Oxalic acid produces in neutral or slightly acid solution a 
granular white precipitate of stannous oxalate, 8110004, which 
rapidly subsides. (Distinction from stannic salts.) Concentrated 
solutions yield a })rccipitate immediately, dilute ones only after 
some time. 

Ammonium chloride 'prevents (he precipitation. A solution of a 
stannous salt, ivhich has been treated with ammonium chloride and a 
larye amount oj oxakc acid does not yive a precipitate with hydrogen 
sulphide. 

14. Hydrogen peroxide precij)itates the whole of the stannous 
ion as white, llocculent stannic hydroxide from a hot solution of a 
stannous salt, which has been neutralised with the smallest possible 
amount of alkali hydroxide (VV. French). 

15. Zinc precipitates metallic tin from solutions of stannous saUs, 
which have been treated with not too much hydrochloric acid; the 
precipitate is in the form of grey flakes or a spongy mass ; if the’ 
test is carried out in a platinum basin, the platinum will not be 
stained black. (Distinction from antimony ion.) The separated 
tin dissolves in hydrochloric acid after removal of the zinc. 

10. On heating a hydrochloric acid solution of a stannous salt 
with a little ammonium carbide, a characteristic odour of methyl-tin 

^ Ferric chloride and potassium nitrate may be used in an analogous manner 
for the detection of sUnnous compounds (Blum, Zeitsch. anal. Gh^m., 44, 11). 
In that case a brown coloration is produced (cf. {Sec. 61, 12). 
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tricliloride will be produced at the moment of boiling (Hilpert and 
Ditmar, Ber., 46, 3738). 

17. If stannous compounds are mixed with sodium carbonate 
and a little horax^ or ])cttcr, with a mixture of equal parts of sodium 
carbonate and potassium cyanide, or with sodium formate, and exposed 
in a hollow on charcoal to the inner blowpipe flame, a malleable 
granule of metallic tin will be obtained. The best way of recognising 
this is to grind up the charcoal vigorously with a little water iw»a 
mortar and to wash away the particles of charcoal. For further 
identification, the metallic tin may be dissolved in liot hydrochloric 
acid, and confirmatory tests applied to the solution. If the tin is 
more strongly heated, a white deposit of oxide will be formed on the 
charcoal. {Since the reduction before the blowpipe is onl}' successful 
with a good reducing flame, it is frequently preferable to fuse the 
substance with sodium carbonate and potassium cyanide in a porcelain 
crucible. The reduction may also be readily elfected on a charcoal 
stick (p. 88). 

18. On adding a trace of a tin compound to a borax bead 
coloured faintly blue with cupnc oxide, and then heating the bead 
in the lower reducing area of a non-luminous gas flame (p. 82), it 
will become reddish-brown to ruby-red, owing to the reduction of 
the divalent copper into the monovalent condition (rf {Sec. 75, 22). 
This reaction docs not take })lacc without the intervention of a tin 
compound. The presence of iron interferes with the reaction, since 
it produces a red coloration even in the absence of tin (Lutz, Zeitsch. 
anal. Chem., 47, 17). The blowj)ipc flame cannot replace the gas 
flame in the test, nor can the upper reducing area of the latter flame 
be used, since in either case the divalent copper may be reduced to 
the monovalent condition without the action of tin. 

19. With regard to the mkrochemical detection of divalent tin, 
see Haushofer, Mikroskopische Heaklionen, p. 153; Behrens- Kley, 
Mikrochemmhe Analyse, 3rd cd., p. 100; Strong, Ber., 22, Kef. 34. 
See also Sec. 88, 19. 

Sec. 88. 

(p) Tetravalent Tin, Stannic ion, Sn and Stannate ion, SnO''s. 

1. Stannic oxide, Sn02, is a white to straw-yellow powder, which, 
on heating, becomes transitorily brown. When heated with con- 
centrated sulphuric acid or fused with potassium hydrogen sulphate 
it yields compounds from which water precipitates the whole of the 
, stannic ion. Other acids do not attack stannic oxide ; when the 
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oxide is heated with ammonium chloride, the tin volatilises as stannic 
chloride. 

Tetra valent tin forms a series of hydroxides (all white) of different 
molecular weight and varying in their degree of hydration, accord- 
ing to the amount of water in their environment. '/Those of most 
frequent occurrence are stannic hydroxide, stannic acid (orthostannic 
acid, a-stannic acid), and nietasiannic acid () 3 -stannic acid), whilst 
pmrasta 7 inic acid (y-stannic acid) is also known. According to 
Engel [Compt. rend,, 124 , 705 , and 125 , 404 , 051 , 709 ), these com- 
pounds have the following fornmhe : Air-dried stannic acid, 
H2 SuO:{,H 20 ; metastannic acid, H2Sn50ii,9Il20 ; j^arastannic 
acid, Il2Sn5()ii,7H20. After drying in vacuo these compounds 
have the following formuhn respectively : 11281103, H28n50ii,4H20, 
and 1128115011,21420. All three have both acid and slightly basic 
characteristics. Stannic hydro.xide (stannic acid), precipitated by 
alkali hydroxide from stannic chloride solution, is readily soluble 
in hydrochloric acid. The hydroxide (metastannic. acid), obtained 
by the action of nitric acid on metallic tin, does not dissolve in 
hydrochloric acid. When boiled with liydrocldoric acid, however, 
it is converted into metastannic chloride (according to Engel, an 
oxychloride, 8n5()9(.d2,4H20, and therefore ])erhaps more appro- 
priately termed stannyl chloride— Treadwell), which is sparingly 
soluble in hydrochloric acid, and after decantation of the excess of 
acid, dissolves in water to form a solution, which is usually opale- 
scent.^ 'The phenomena described above have, to a large extent, 
been ex])lained by the colloidal inve,stigati()ns of recent years. For 
examph*, W. Mecklenburg 2 has shown that the varying size of the 
particles is a fundamental cau.se of the differences between the 
various stannic acids, and that upon this depends essentially the 
capacity of stannic acid gel to redi.ssolve (“ peptisation ” capacity). 
Zsigmondy ^ and liis ])upils have found that a second cause is the 
difference in the distances by which the particles are separated. 
A complete theory of the facts, however, in this complicated branch, 
of science has not yet been formed, and as Zsigmondy points 

1 In accordance with the fact that it may be regarded as a compound of 
stannic oxide with stannic acid ( 4 Sn() 2 -l'H 2 Sn 03 ), metastannic acid may Iw 
converted by the energetic action of alkali and also by that of hydrochloric 
acid into orthostannic acid. ConvcrBcly, orthostannic acid compounds in 
dilute solution are converted more or less completely into metastannic acid 
compounds, in consequence of hydro^'-sis. 

* Zeitsch. anorg. Chem., 74, 207. 

» Zsigmondy, Kolloidchemk, 2nd ed., Txjipzig, 1018, p. 127 d seq,, and 
pp. 238-263. Further references are given there. 
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out, this can only be done by a simultaneous consideration of both 
chemical and colloido-clicmical processes. For further particulars 
reference may be made to the literature on colloidal chemistry, and 
in particular to Zsigmondy's comprehensive text-book already 
mentioned. ^ 

2. The stannic salts are colourless. Solutions of the neutral 
salts redden litmus in consequence of hydrolysis. Since tctravalent 
tin has only weak basic properties, the hydrolysis proceeds so far 
that the salts are decomposed by water, with the separation of stannic 
hydroxide (or basic salts). I'he chemical behaviour of stannic 
salts depends entirely upon their previous treatment, and accordingly 
two series of salts, a- and or ortho- and metastannic acid salts, 
corresponding to the two main types of stannic acid, are known. 
In the case of stannic chloride hydrolytic dissociation in the cold 
only takes place when the solution is very dilute. The salts corre- 
sponding to volatile acids are decomposed on ignition and leave 
stannic oxide. Anhydrous stannic chloride, SnClj, is a volatile 
liquid which fumes strongly in the air. It dissolves in cold water 
to form a solution of stannic chloride. This docs not give a pre- 
cipitate either with concentrated hydrochloric acid or (unless it is 
very dilute) with sulphuric acid, and does not become yellow on the 
addition of stannous chloride, whereas metastannic chloride is })re- 
cipitated by concentrated hydrochloric acid and })y sulphuric acid, 
and its solution gives a yellow coloration with stannous chloride. 
Dilute solutions of either chloride are decomposed on boiling, that 
of metastannic chloride with especial rapidity. 

3. On fusing stannic oxides, stannic acid, or metastannic acid 
with alkali hydroxides, alkali stannates, soluble in water, are pro- 
duced ; acids, even carbon dioxide, j)recipitate stannic liydroxide 
(stannic acid) from the solutions of these salts. When fused with 
alkali carbonates only a portion of the stannic oxide is converted 
into alkali stannate. 

4. Hydrogen sulphide in excess produces in concentrated 
solutions of stannic chloride containing a moderate quantity of free 
hydrochloric acid, a permanently pale yellow precipitate of stannic 
sulphide, SnS 2 , containing stannic hydroxide. In the case of dilute 
solutions or of those containing less acid, the })recipitate is not 
always immediately formed, and only gradually becomes intense 
yellow. Very dilute solutions nol^ containing free acid yield after 
some time a preci})itate, which is white at first and subsequently 
yellow. Heat promotes the precipitation. 
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Alkaline solutions do not f»ive a procipitato, and the presence 
of a very larqe amount of free hydrocJdoric acid also prevents the 
precipitation. Tn the presence of other metals which are precipit- 
al)le by liydrogcn sulphide, precipitates which are frequently of a 
characteristic brownish colour, ])robably sulphostan /lates, are pro- 
duced in solutions of stannic salts. Hydrogen sulphide does not 
precipitate tin from many solutions containing the tin in complex 
i^s. For cxam])le, oxalic acid, when added in suflicient quantity 
(35 to 40 ])arts of oxalic acid to 1 ])art of tin), ])revents the pre- 
cipitation, (Distinction from antimony and arsenic ions. Clarke, 
Lesser.) Hydrofluoric acid also inhibits the ])recipitation of stannic 
sulphide (but not that of stannous sulphide) (Franz Fischer and 
Thiele, Zeitsch. anory. Chewt., 67, 302). (Distinction from antimony 
when present in tlie trivalent condition. Le Roy W. McCay, Thiele, 
Zeitsch, anal, (lieni., 51, 680, 682.) In like manner the addiiion of 
a large amount of phosyhoric acid (an ecjual volume of a solution of 
sp. gr. 1’3) prevents the precipitation of t(*tra valent, but not that of 
divalent tin ion. (Distinction from antimony ion. Vortmann and 
Metz], Zeitsch. anal. Chon., 44, 532.) The pieeipitatexi jrroduced hy 
hydrogen sulphide dissolve somewhat s])aringly in ammonia solution, 
are nearly insoluble in cold or slightly heati'd ammonium carbonate 
solution, and inaolu])le in potassium bisulj)hite solution, but dissolve 
readdy in potassium or sodium hydroxide solution, i in sodium 
peroxide solution, and solutions of alkali sulphide (incompletely in 
anmionium monosulphide, completely in ammonium polysulphide 
solution), in boiling concentrated hydrochloric acid, in oxalic acid 
solution, and in aqua regia. 

The precipitate produced by hydrogen sulphide in metastannic 
chloride solutions (stannic; sulphide containing metastannic acid) is 
slowly formed, csjx'cially in dilute solutions ; it becomes more or 
less brown when allowed to remain below the liquid. Sodium 
hydroxide solution in excess dissolves stannic sulphide from it, 
leaving an insoluble residue of sodium metastannate (Barfoed)^ 
Concentrated nitric acid converts all the precipitates produced by 
hydrogen 8uli)hide into meta.stannie acid. When heated in a current 
of chlorine or of carbon dioxide charged with bromine the precipitates 
behave like stannous sul])hide (8ec. 87, 3), as is also the case when 

1 Lime-wator in excess converts stannic sulphide into an insoluble white 
compound (probably stannic hydr^cide). Distinction from antimony and 
arsenic ions, the sulphido.8 of which am soluble in lime-water (Dancer, R. 
Marburg, Ztitsch. anal. Chew., 39, 47). 
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they are ignited with a mixture of 5 parts of ammonium chlonde 
and 1 part of ammonium nitrate. On fusing the precipitates pro- 
duced by hydrogen sulphide witli sodium nitrate and carbonate, 
sodium sulphate, stannie oxide, and a little sodium stannate are 
obtained. If ^ solution of the precipitates in ])otassiuin or sodium 
hydroxide solution is boiled with the oxides of lusmath or copper the 
sulphides of these metals arc formed, whihst alkali stannate remains 
in solution. 

5. Ammonium thioaeefafe precipitates stannic sulphide from 
hydrochloric acid solution ; the precipitation is complete on heating 
the liquid. 

6. Sodium thiosulphate produces a white preci[>itate of stannic 
sulphide containing stannic hydroxide in an acid solution of stannic 
chloride. 

7. Ammonium sulphide precipitates yellow hydrated stannic 
sulphide, lehich dissolves readily in excess of the precipitant. Acids 
re-precipitate the stannic sulphide unchanyed from this solution. 

8. Potassium or sodium hydroxide produces white precipitates 
of stannic hydroxides, readily soluble in excess of the precipitant, in 
stannic cMoride solutiotis. lV)tassium hydroxide preci])itates from 
metastannic chloride, metastannic acid, which is soluble in a moderate 
excess of the precijiitant. If a larger excess is added, jiotassium 
metastannate separates ; this is only .s])aringly soluble in ])otassiura 
hydroxide solution, but is re-dissolved by water. Sodium hydroxide 
produces in metastannic chloride solution a white jirecipitate of 
sodium metastannate, which does not di.ssolve in excess of sodium 
hydroxide solution. Tartaric acid jirevents the precipitation by 
alkali hydroxide from stannic chloride solution, but not from meta- 
stannic chloride solution. 

9. Ammonia behaves like 2 )otasHium or sodium hydroxide, 
except that the precipitate does not dissolve in excess of the pre- 
cipitant, even in the case of solutions of a-stannic compounds. 

• 10. Potassium carbonate produces a white precipitate in solutions 

containing a-stannic salts. The precipitate of stxmnic hydroxide 
containing potassium hydroxide di.ssolves in excess of the pre- 
cipitant, but separates again on standing. The jirecipitate pro- 
duced by sodium carbonate is insoluble or, at most, very sparingly 
soluble in excess of the preci^iitant. 

The white precipitates jiroducedjiy alkali carlionates in solutions 
of metastannic chloride do not dissolve, or do so only to a slight 
extent in excess of the precipitant. 
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11. Sodium sulphate or ammonium nitrate (as indeed most 
neutral alkali salts) precipitate the whole of the stannic ion as orthc- 
or nietasiannic acid from solutions of a- and P-stannic salts, j)rovided 
that they are not too acid. Heat promotes the precipitation. In 
this case it is a question of the separation of the stannic acid present 
(which has been dissociated in consequence of hydrolysis), first in 
colloidal S) Hition (hydrosol), and then in the form of an amorphous 
precipitate (hydrogel), owing to the flocculating action of neutral 
salts (electrolytes) dissociated into ions {(f. pp. 35 and 44). 

12. Metallic zinc added to stannic chloride solution containing 
free hydrochloric acid precipitates metallic tin in the form of grey 
flakes or as a spongy mass. If the test is made in a platinum basin, 
the latter is not stained hlach. (Distinction from antimony.) After 
removal of the zinc, the precij>itated tin re-dissolves in hydrochloric 
acid. (Distinction from antimony.) 

13. Metallic iron reduces slannic chloride to stannous chloride, 
but does not precipitate tin. (Distinction from antimony ion.) 
Metallic copper has the same eflect after long-continued boiling as 
iron in the cold. The resulting solution precipilates mercurous 
chloride from a solution of mercuric chloride (Pattinson Muir). 

14. Stannic compounds are not reduced by hydroxylamine or 
hydrazine. 

15. When stannic compounds are evaporated to dryness with 
urea and excess of sodium hydroxide solution and the residue heated, 
a black s])ot is left. (Distinction from stannous compounds.) i 

10. When heated with aluminium carbide, hydrochloric acid 
solutions of tetra\’alent tin, like those of divalent tin. yield methyl 
tin trichloride, which has a characi eristic odour {cf. See. 87, 16). 

17. When heated before the blowpipe or in the gas flame the 
compounds of tctravalent (in behave in the same way as those of 
divalent tin (cf. Sec. 87, 17 and 18). Stannic oxide is also readily 
reduced when fused with potassium cyanide in a glass tube or crucible. 

18. If a glass rod, or better, a narrow test-tube is di})ped into a. 
solution of stannic chloride containing free hydrochloric acid, and 
then heated in a Punsen gas flame, a pale blue coloration will be 
imparted to the part of the flame in immediate contact with the 
glass (Schmatolla, Chem. Zeit., 25, 468). 

19. For the microclicmical detection of tctravalent tin, see 
Haushofer, Mikroskopische Re^ionen, p. 156 ; Behrens-Kley, 
Mihrochemische Analyse, 3rd ed., p. 99 ; Streng, Ber,. 22, Ref. 34 : 

^ Reichard, Pharm. Zenfralhalk, 47, 391. 


22 
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Schoorl, ZeiUcli. ami. Chem., 47, 379, 381 ; cf. also Gmelin-Kraut- 
Friedheim-Peters, Ilandh. anorg. Chem., IV., 1, 258, 975, 1003 ; 
Dcnig^Js, Zeitsch. anal, Chem., 38, 309. 

Sec. 89. 

(b) Arsenic, As, 74*96. " 

Arsenic is trivalent and fcnlavalenl. Elementary arsenic is hldck 
in the niicrocrystalline condition (J. W. Ketgers), but in the distinctly 
crystalline condition it is sled-grey and highly lustrous. It retains 
its lustre in dry air, but loses it in moist air, becoming superficially 
oxidised ; hence commercial arsenic appears dull, with a bronze- 
coloured shimmer on the facets of its crystals. Arsenic is not very 
hard, is very brittle, and volatilises above 360'' under ordinary 
pressure without previously melting. It melts at about 817®. The 
yellow vapours first formed in the air on volatilisation have an 
extremely characteristic garlic-like odour, which is due to the resulting 
yellow modification of arsenic, which is unstable in the light. The^e 
vapours are poisonous. If arsenic is heated with free access of air 
it burns — with a bluish flame if strongly heated- -])roducing a white 
smoke of arsenic trioxide, which forms a deposit on a cold surface. 
If it is heated in a tube closed at the bottom it volatilises for the 
most part unoxidised, whilst if heated m a current of carbon dioxide 
it volatilises completely without oxidation, and is deposited as a 
sublimate (arsenic mirror) above or beyond the heated place. This 
sublimate is usually grey and lustrous (crystalline.) at the heated 
place, whilst further on it is black (microcrystalline). When it is 
heated in a current of hydrogen, a more volatile yellowish-brown 
sublimate is also formed in addition to the arsenic mirror (according 
to Retgers, solid hydrogen arsenide). According to Kcckleben, 
Scheiber, and Strauss (Zeilsch. anorg. Chem., 70, 255), the yellow part 
of the mirror is also elementary arsenic. Arsenic is slowly oxidised 
*to trioxide when in contact with air and water. Hot dilute nitric 
acid partially oxidises it to trioxide, which is only slightly soluble 
in excess of acid, whilst strong nitric acid partially converts it into 
arsenic acid. It is not dissolved by hydrocliloric acid or dilute 
sulphuric acid. Boiling concentrated sulphuric acid oxidises it to 
arsenic trioxide, with the evolution of sulphur dioxide. It is readily 
soluble in aqua regia as arsenic aciu. 



SEC. 89 


Tin VALENT ARSENIC 


339 


(a) Trivalent Arsenic. 

Trivalent arsenic occui’s both as cation (arsenious ion), As“‘, and 
also as anion (arsenite ion), AsO^'s- 

1. Arsenic trioxidc, AsgOs, or A 840 ft (arsenious tAihydride, fre- 
quently also termed artcnious acid in accordance with the older 
nonienclatare ; white arsenic), is venj poisonous. In the amorphous 
CQjidition it is a colourless, trans])arent glass-like mass, and in the 
crystalline condition it is a white mass, resembling porcelain, or 
occurs in well-formed crystals. AVhen ground up it has the appear- 
ance of a heavy, sandy, white powder. It volatilises, ivhen healed, m 
white odourless vapours. Jf the heating is ellected in a glass tube a 
sublimate consisting of oetahedra and tetrahedra is obtained. The 
trioxide resembles a fatty substance in being moiistened only with 
dilUculty by water. It 
is only slightly soluble 
in cold water (the cry- 
stalline form in 80 and 
the vitreous form in 25 
parts), but dissolves more, 
easily in hot water. The 
solution shows only a 
slight acid reaction. It 
is dissolved in consider- 
able (luantity as arsenite 
ion by potassium and sodium hydroxide solutions. Hydrochloric acid 
also dissolves it to a considerable extent. It is dissolved as arsenic 
acid by boiling (upia repia. Arsenic trioxide is frequently used as a 
reducing agent. Hydrogen in the nascent condition reduces it to 
elementary ars(mi{; (see also 12). If a (jranule of arsenic trioxide 
{a) is placed in (hr point of a drawn-out glass tube (Kig. 42), and above 
it a fragment of charcoal (5) obtained by cutting freshly-ignited 
wood charcoal, and lirst the charcoal aiid then the ansenic trioxide are 
heated to ignition tenq)erature, the vapours of the arsenic trioxide 
will be reduced by the glowing charcoal and a mirror of elemenlarg 
arsenic formed at (c) ; and this volatilises and emits the garlic-like 
odour, when the tube is cut off between c and h, and heated in an 
inclined position, so that c is uj)permost. This is the most simple 
and trustworthy method of identj^ing ])ure arsenic trioxide. 

2. The arseniles (salts of arsenious acid) arc decomposed for the 
most part on ignition, being converted either into arsenic, which 
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volatilises, and arsenate (salt of arsenic acid), or into arsenic trioxide 
and nietallic oxide. Of the arsenites, only those of the alkali metals 
are soluble in water ^ : those which are insoluble in water arc dissolved, 
or at all events decomposed, by hydrochloric acid. Anhydrous 
arsenic tridilo^idc, ASCI3, is a colourless volatile licpiid, which fumes 
in the air, and is miscible with a small amount of water. On the 
addition of more water it is decomposed into arsenic trioxidc, part 
of which sej»aratcs, and hydrochloric acid, whilst the remainder of the 
arsenic remains in solution as arsenite ion. On heatimj and eva pnraimff 
a solution of arsenic trioxidc in hydrochloric, acid, arsenic trichloride 
volatilises with the hydroyen chloride. ^Vhen such a solution is heated 
in a distillation apparatus, the arsenic is obtained in the distillate 
containing hydrochloric acid. By repealed distillation oj the solution 
with the addition of fresh quantifies of hydrochloric acid, the arsenic may 
he quantitatively distilled. 

3. Hydrogen sulphide produces immediately in acid solutions of 
trivalent arsenic a bright yellow precipitate of arsenic trisulphide 
(arsenic sulphide), AsoS^. The complete jirecipitation is not pre- 
vented even by a large excess of concentrated hydrochloric acid. An 
aqueous solution of arsenic trioxide gives only a yellow coloration 
with hydrogen sulphide, owing to tiie formation of colloidal arsenic 
trisulphide, without forming a preci])itate, and aqueous solutions of 
the neutral alkali arsenites also yield no precipitate. If, however, a 
strong acid is added, a bright yellow precipitate is at once obtained.^ 
No precipitate is produced in alkaline solutions. 

The precipitate of arsenic trisulphide is rapidly and completely 
dissolved by solutions of alkali hydroxides, alkali carbonates, and alkali 
sulphides. Freshly precipitated arsenic trisulphide is also soluble 
in alkali hydrogen sul}>hites (NaHS03). Arsenic trisulphide is 
practically insoluble in hydrochloric acid, even when boiling and 
concent rated. 3 It is readily decomposed and dissolved by boiling 
nitric acid. 

On fusing arsenic trisulphide with sodium carbonate and sodium 

^ The solutions are partially oxidifcd on standing, with tho formation of 
arsenate ion (Friedheim and Michaelis, Zcilach. anal. Chan., 34, 541). 

* Certain colloids {a.g. gum arabic) prevent this flocculation of arsenic tri* 
sulphide (Lefort and Thibault, Zeilsch. anal. Chan., 22, 237). On the other 
hand, wo can only confirm tho statement of 8pillcr (.7. Chan., 73, 39) that 
citric acid prevents the precijiitation by hydrogen sulpKido, even in tho presence 
of another free acid, in so far as it applies to very dilute solutions. 

* After long continued boiling in an open vessel a considerable amount of 
arsenic trisulphide dissolves in dilute hydrochloric acid, or even in water, with 
the evolution of hydrogen sulphide. 
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nitrate, sodium arsenate and sodium sulphate are obtained. On 
heating it in a current of chlorine or with a mixture of 5 parts of 
ammonium chloride and 1 part of ammonium nitrate in a glass tube 
through which ])asses a current of air, it is complet^Jy volatilised. 
The arsenic will be found as arsenic trichloride in the sublimate. 
When a "olution of arsenic trisulphide in ammonia solution is heated 
with hydrogen peroxide in excess, a clear solution containing arsenate 
i<fn and sulphate ion is obtained. On boiling a solution of arsenic 
triaul[)hide in sodium sulj)hide solution, or in jjotassium or sodium 
hydroxide solution, with hismuth hjfdrojide, carbonate, or nitrate, 
bismuth sulphide and arsenite ion are formed. On boiling such a 
solution with (mj)ric oxide, cuj)rous sul])hide and arsenate ion are 
formed. 

4. Ammonium sulphide also effects the formution of arsenic tri- 
sulphide, This is not ])recipitate(l, however, when the solution is 
neutral or alkaline, but remains in solution as sulphoarsenite ion. 
On adding fre(' acid to the solution it is immediately precipitated. 
If the ammonium sul])hide contains ])olysul])hide, sulphur separates 
W'ith th(‘ arsenic sulphide on the addition of hydrochloric acid, and 
under certain conditions this may prevent the presimce of small 
amounts of arseniit trisulphide from being recognised. In such cas(*3 
the sulphur may be extracted and the arsenic sulphide detected by 
shaking the liipiid with benzene or petroleum spirit (R. Fresenius, 
Zeitsch. anal. Ckem., 33, 573), or with carbon bisulphide (Musset, 
P/iarni. ZentraJhalle, 34, 737). 

5. Ammonium thioacetate Jiroduccs a white turliidity in hydro- 
chloric acid solutions of arsenites in the cold, whilst on heating it 
causes an immediate and comjilete preiapitation of arsenic trisulphide 
(K. Schiff and N. Tarugi, Ber., 27, 3137). 

Sodium thiosulphate precijiitates arsenic trisulphide readily and 
completely from an acid .solution. 

0. Silver nitrate, added in slight exce.ss to an aciueous solution of 
arsenic trioxide, produces no precipitate, or at most a yellowish-* 
white turbidity, liut on adding a little ammonia solutioti a yellow 
precipitate of silver arsenite, AggAsOg, will be obtained. In the case 
of solutions of neutral alkali arsenites, an almost white precipitate, 
only becoming yellow on the addition of a little alkali hydroxide, is 
obtained. Silver arsenite is readily soluble in nilnc acul, and also 
(in the presence of a little alkaliCnitrate) in ammonia solution (with 
the formation of the silver-ammonia complex, Ag(NH 3 )' 2 ). It is 
also not insoluble in ammonium nitrate solution. Hence, if a small 
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amount of the precipitate is dissolved in much nitric acid, and the 
solution neutralised with ammonia, the precipitate does not re-appear, 
since it remains dissolved in the resulting ammonium nitrate solution. 
The most sensitive method of applying the reaction is to pour a layer 
of ammonia solution on to the liquid, which has previously been 
treated with silvei nitrate solution. The precipitate will tlien appear 
as a yellow zone at the junction of the two liquids. On treating a 
solution of arsenic trioxide, to which a slight excess of silver nitrate 
has been added, with a moderate excess of ammonia, and heating 
the liquid to boiling point, metallic silver is precipitated, while the 
trivalent arsenic is converted into the pentavalent condition. 

7 . Cupric sulphate does not produce a precipitate in an aqueous 
solution of arsenic trioxide ; but on adding an (dhdi hydroxide a 
yellowish-green precijdUde of cupric hydrogen arseniie, ('UHASO 3 , is 
obtained. This dissolves in potassium or sodnwi hydroxide solution, 
forming a blue solution, from which, on boiling, a red precipitate of 
cuprous oxide is precipitated (cf 8 ). 

8 . When arsenic trioxidc is dissolved in excess of ])otassium or 
sodium hydroxide solution, or when a solution of an alkali arsenitc 
is treated with potassium or sodium hydroxide, and a small quantity 
of a solution of cupric sidphate added, a clear blue solution is obtained, 
and this, when boiled, gives a red precipit(<te of cuprous oxide ; the 
solution will contain arsenate ion. This reaction takes ])lace readily 
and is highly sensitive, if too much copper solution is not used. If 
the red precipitate can no longer be recognised by transmitted light, 
it may still be seen quite distinctly, even when present in a minute 
quantity, by looking down into the test-tulu* from above. Im})ortant 
as is this reaction as a confirmatory tesl for trivalent arsenic in 
special cases, and in particular for distinguishing the latter from 
pentavalent arsenic, it is self-evident that it cannot be used as a 
direct proof of the presence of arsenic, since certain kinds of sugar 
and other organic substances can also precipitate cuprous oxide fi cun 
solutions of cupric salts under the same conditions. 

9. Solutions of compounds of trivalent arsenic free from penta- 
valent arsenic do not give a precipitate with magnesia mixture, ^ 
or at most a very slight one after standing for a long time.- 

10. On treating a hot solution of arsenic trioxide in strong hydro- 

^ A solution of .5.5 grms, of crystallise^ magnc.sium chloride and 70 grins, of 
ammonium chloride in 3.50 c.e. of 8 per cent, ammonia solution and 050 c.c of 
water. 

* Of, Sec. 92, 13, footnote. 
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chloric acid (sp. gr. 1‘16 to 1*19) or sulphuric acid (sp. gr. 1'45 to r53) 
with a concentrated solution of potassium iodide, a red precipitate 
of arsenic tri-iodide, insoluble in the strong acid, is obtained (E. Srybel 
and Wikander, Chem, Zeit., 26, 50). 

Antimony, when dissolved in sulphuric acid, also gives a precipitate. 

In hydroc'doric acid solution, or when dissolved in sulphuric acid containing 
^ of its volume yf hydrochloric acid, anlimmjj ion does not give a precipitate 
v^ith potassium iodide (Biessanin, ZciLsch. anal. Chem., 52, 70). Lead and 
tin also interhae with the precipitation from a solution in pure sulphuric 
acid, but not from a solution wiiich has been treated with hydrochloric acid. 
Ferric chloiide, free chloride, selenium, and mercury also interfere with the 
precipitation, but their iiinuence may be eliminated by adding stannous 
chloride solution. If the potassium iodido,is then rapidly added, Betten- 
dorf’s arsenic reaction (r/. 15), which always rerpiires some time, will not 
yet have developed. According to Arnold and Ment/.el {Pharm. ZeiL, 47. 
101), the reaction only takes place in hydrochloric acid solution, wh('n the 
acid is of at least 22 ])(‘r C(‘nt. strength ; otherwise the arsenic tri- iodide 
remains in solution. Aqinmus solutions may be k'sted after the addition 
of a sufheiemt quantity of eonc<‘nl rated sulphuric acid. Substances which 
give precipitates with sulphuih; acid or jiot.ossium iodide must not be 
jiresent. Nitrak', nitrite, <-hlorate, ehromak*, permanganate, ferro- 
cyanogen, and ferricyanog<‘n ions must also not be jiresent. Lead, silver, 
copper, and tin ions render the reaction untrustworthy. 

The reaction is also suitable for the detection of arsenic when 
jiresent in organic comjiounds (sodium cacodylate, arrhenal, atoxyl, 
salvarsan). Jn such cases the substance under examination is first 
heated with strong sulphuric acid, and the test then applied to the 
acid (Bressanin, Zeitsch. anal. Chem., 52, 54). 

11. On heating a solution which (;ontains trivalent arsenic and 
has been treated with hydrochloric acid, with absolutely bright 
copper strips or copper wire, the copper becomes coated with an 
iron-grey nuiallic deposit, which, when it is abundant, separates in 
black scales. On healing the coated copper strips with ammonia 
solution, after removal of the free acid by washing, the deposit 
separates from the copper and subsides in spangles (Reinsch). It 
should be noted that these are not pure arsenic, but copper arsenide, 
CU 5 AS 2 . On heating the substance, previously dried or ignited in a 
current of air (whereby some arsenic trioxide escapes), in a current 
of hydrogen, an arsenic mirror is formed and relatively little arsenic 
esc,a])es ; alloys richer in copj^ir are left (R. Fresenius, Lippert). 
On Ifrating the washed and dried copper foil in a glass tube, 
lustrous crystals of arsenic trioxide are obtained, and may be easily , 
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recognised by their characteristic form, especially when examined 
with a lens. 

Only after arsenic has been detected in the deposited alloy is the reaction 
really characteri^stic of arsenic, since antimony and other elements, e.g. 
selenium, are*" similarly deposited under the same conditions upon copper, 
and a black lilm is also formed on the copper in the presence of suluhite ion. 
In order to identify antimony and distinguish it from the other ions, 
Clarke {Zeifsch. anal. Chem., 39, 657) dissolves the deposit in hydrogen, i 
peroxide and sodium hydroxide solutions, and distils the solution after 
acidification with strong hydrochloric acid and addition of ferrous chloride 
{cf. end of 2). J. L. Howe and Paul »S. Mertins {Chem. Zenfr., 1897, T., 78) 
recommend that the substance under examination .should be boiled with 
thin copper foil in 16 per cent, hydrochloric! acid for 1.^) minute-s. The 
copper foil is then withdrawn, wa-shed, dried, rolled up, and introduced 
into a sublimation tube, 5 cm. long, and not more than 0‘5 cm. in diameter, 
which is then heated in an inclined position over a very small flamo. If 
arsenic is present, a grey deposit will be formed on the copper, and this, 
when heated, will yield a sublimate of lustrous octahedra. Antimony also 
produces a deposit, although of a more violet colour, upon the copper, but 
the sublimate obtained on rai.sing the tennxM ature w ill not consist of lustrous 
octahedra. Organic substances do not interfere with the reaction, so that, 
e.g. animal organs may be tested directly for arsenic by boiling the material 
with hydrochloric acid and copper, if a solution under examination 
contains nitric acid, chlorate, or free chlorine, it must first be evaporated to 
dryness with hydrocliloric acid, since oiherw ist! the co])per will be dissolved 
and no deposit obtained. ^ 

12. If an add or neutral solution of arsenic trioxide or of an arsenate 
is hrmgld into contact with zinc, water, and dilute sulphuric acid or 
hydrochloric acid, there is produced, in addition to hjfdrogen, the 
extremely poisonous gas, hydrogen arsenide, AsH^. (The reaction 
must, therefore, he carried out with caution, and in a !ume cupboard). 
The gaseous mixture burns with a pale blue flame,. Jf a cold porcelain 
dish is held against the flame, a dark .spot of arsenic will be deposited 
upon it. When the gas is passed through a tube heated at one, place, 
an arsenic mirror will he fornwd in the part of the tube beyond the heated 
place. This reaction, described by Marsh, and also by Liebig, is 
suitable for the detection of minute quantities of arsenic. For this 
purpose the apparatus shown in Fig. 43, or a similar apparatus, 
is used.2 Here a rcjiresents the gas generating flask, b a bulb which 

* As an appendix to Reinsch’s method, attention may bo drawn to Hager’s 

method, which depends upon the forma^on of spots upon brass foil {Pharm. 
ZerUralhdle, 25 , 266, 443, 461 (1884). ^ 

* For details of other forma of Marsh’s apparatus, reference may be made to 
Sec. 205 : “ Detection of metallic poisons.” 
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retains water mechanically carried forward by the gas, and c a tube 
filled with cotton- wool and pieces of calcium chloride i in which the 
gas is dried. This is connected with h and d by means of rubber 


I 



t'lo. 43. 


tubing, which has be('n laiiled witli .sodium hydroxide solution. The 
tube d, which is about 7 mm. in diameter (Fig. 11), is composed of 
glass which is ficc from lead and as free as possdde from 
arsenic, and is diflicult to fuse. For very accurate tests 
the tube should be drawn out as shown in Fig. 43. A 
quantity, not too small, of zinc, which must be as pure 
as possible, and at all events absolutely free from arsenic, 2 is 
placed in the generating flask, and water is introduced through 

^ With regard to the boliavioiir of difToront drying agents, see Lockemann 
{Zeitsch, arujew. Chem., 18, 425). This chemist recommends the use of large 
(about 1 cm.) crystals of calcium chloride when it is a question of very great 
accuracy. 

^ Zinc, completely free from otlicr metals, only liberates hydrogen slowly. 

If zinc containing copper (liefti, IHss. Zurich, 1007) or zinc coated with copper* 
(Lockemann, Zcitsch. avgcw. Chem., 18, 416) is used, a regular evolution of gas 
is at once obtained. The copper plating of the zinc is effected by shaking the 
granulated zinc with pure copper sulphate solution, decanting the liquid and 
washing the metal. The direct addition of a copper salt (jis recommended by 
Mai and Hurt, Zeit,<ich. anal, ('hem., 43, 557) may, according to Lockemann, 
lead to a sliglit loss of arsenic. 1’he presence of iron in the zinc causes some of 
the arsenic to be retained in the flask. The zinc must, therefore, be tested for 
iron before use (Mai and Hurt, Lockpraanii ; see also Parsons and Stewart, 
Zeitsch. anal. Chem., 44, 250). On the other hand, according to the same 
authorities, the presence of iron in the acid solution to be testc^d for arsenio 
does not have a disturbing influence {ZeitJich. aiud. Chem., 47, 728, and 60, 697). « 
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the funnel, until its level reaches the lower end of the funnel tube, 
after which a mixture of 1 part of pure concentrated sulphuric 
acid and 3 parts of water is gradually added, so that a regular and 
moderate current of hydrogen is developed. As soon as one can be 
certain that'the whole of the air has been expelled from the a[)paratus,^ 
the gas issuing from the tube il is lit (and before doing^this it is 
advisable to make use of a safety tube, or to wrap a cloth round the 
flask as a protection against injury in case of a possible explosiort). 
It is necessary in the first place to be absolutely certain that neither 
the zinc nor the sulphuric acid contains arsenic. For this purpose a 
porcelain basin is held horizontally in the flame, so that the latter 
is distributed over the surface. If the hydrogen contains arsenic, 
brown or blackish-brown spots of arsenic will be deposited on the 
porcelain. If this is not the case, and if greater accuracy is demanded 
of the test, the portion of the tube d shown in the illustration is 
heated to redness for some time, and a note taken whether a film of 
arsenic is deposited in the constricted portion of the tube. When it 
has been proved in this way that the hydrogen is i)ure, the liquid to 
be tested for arsenic is poured through the funnel, and the tube subse- 
quently rinsed with a little water.^ It is particularly advisable to 
introduce at first only a small amount of the liquid under examination. 
Should a large quantity of a liquid containing a considerable amount 
of arsenic ions have been introduced, it is possibh* for the evolution 
of gas to be increased to such an extent that the test cannot be 
continued. If the liquid poured into the flask contains an oxide or a 
salt of arsenic, there is soon liberated, together with the hydrogen, 
the extreviehf poisonous hydrogen arsenide, which immediatidy causes 
the previously colourless flame to ajipear of a bluish tint. At the 
same time a white smoke of ar.senic trioxide rises from the flame, 
and will form a deposit on a cold surface. If now a porcelain dish 

The uao of platino -hydrochloric acid, which was formerly frequently roce>m- 
mended for the “ activating ” of zinc, may also cause a loss of arsenic. On 
•this point, see also Harkins {Chem. Zentr., lOJO, L, 1848), various statements in 
the Zeiisch. and. Chem., 45, 767 and 768, and Chapman and Law, Zeilsch. anal. 
Chem., 50, 329. Struve {ZeiUich. anal, Chem., 46, 761) recommends the use of 
commercial zinc foil, and Carl Fischer {Arb. Kaiserl. GesundheiUsamt, 19, 672) 
that of zinc rods. Kohn-Abrest recommends activated aluminium as a sub- 
stitute for zinc {Zeitsch. and. Chem., 52, 332), whiLt A. Hubert recommends the 
use of sodium amalgam {Ibid., 399). 

^ The test is applied by collecting the gewj issuing from the tube in an 
inverted test-tube and applying a light, ^f the gas bums quietly and without a 
report it is free from air. 

® Care must be taken when doing this that no air is introduced into the 

flask. 
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is held against the flame, the arsenic will be deposited upon it in the 
form of si)ots. Similar spots are also produced by antimony 
(cf. Sec. 91, 12). With regard to their distinction from arsenic 
deposits, see Sec. 92, 8. 

If the tube d is stro7)(fly hmicd at the. j)lacr hullmted in the illustra- 
tion, a hydrous arsenie, mirror is formed beyond this place, either in 
front of or in the constricted j^art of the tube. This mirror is darker 
tftan an antimony mirror, and may also be easily identified by the 
fact that it may readily be expelled without previous melting in the 
current of hydrogen, and that the escaping (urdit) gas will then have, 
to a pronounced extent, the characteristic odour of arsenic. The 
ndrror usually consists of two distinct zones, one brownish and the 
other blue-black (different modifications of arsenic. Thomson, 
Zeitsch. anal. Chem.., 48, 501). If the gas is burned while the mirror 
in the tube is heated, the flame will deposit spots of arsenic upon a 
porcelain basin, even when there is only a very weak current of gas. 

The pri'sence of mercury compounds, espc'cially mercuric chloride 
(Vitali, (hem. Zeniralhl., 1905, 1 ., 709) and of fluorine ion (W. van 
ftijn, Jbhl , 1908, 1., 1()87), prevent or interfen* with the detection of 
arsenic, by means of Marsh’s apparatus.^ 

Sulphites, if present, yield hydrogen suljihide in the test, and this 
reacts with the hydrogen ar.senide in the red-hot tube to form arsenic 
sulphide, which separates, .sulphur, and hydrogen. If the hydrogen 
arsenide is jiresent in excess, a mirror of ar.senic is also produced 
(Smith, Chew. Zentr., 1901, [., 279). 

As a rule arsenic sulphide, is not reduced in Mar.sh's test, and the 
presen(50 of oxygi-nated or organic compounds of sulphur may, there- 
fore, prevemt the detection of arsenic bv Marsh's tc.st. In like manner 
the ])resence of nitric acid prevents the reaction (Vournasos). 

Arrhenal, (Ml:jAs()(()Na) 2 , and also cacodyiic compounds, yield 
black rings in the. reduction tube in Marsh’s apparatus. The latter 
compounds also produce white vapour with an odour of garlic when 
the gas is burned, but the form(‘r do not ]^^oduce suc,h vapours.* 
Platino-hydrochloric a(‘id prevents the formation of rings in the case 
of arrhenal (Vitali, Zeitsch. anal. Chem., 50, 599). 

^ Selenium compounds, when pre.scnt in any considerable quantity, yield a 
red deposit. In the prescaioe of men* traces of selenium only a lustrous ring, 
which is difficult to (ii.stingiush from a slight arsenic deposit, is obtained. To 
test for soh'nium, if ne('CR.s.ary, the original .solution is saturated with hydrogen 
sulphide. On (hen licating the liqui^ the precipitated .sulphur agglomerates 
and turns brown in the presence of selenium. When carefully .sublimed, the 
precipitate leaves a black re.siduo, probably selenium sulphide (Mi'unii'r, Chem, 
Zentr., IDlfi, 11., 1009, and 1917, lb, 193). 
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13. On heating a mixture of dry s()dium formate with an arsenic com- 
pound tb a temperature above 210°, the sodium formate is converted into 
oxalate, hydrogen and also hydrogen arsenide being formed in the process. 
The latter may be identified by one of the methods described in 12 or 14, 
or Sec. 02, 0 (Vmirnasos, Ber.^ 43, 2201). If the test is to be made by 
Marsh’s method, the following procedure is, in our experience, suitable 
for the purpose : The sodium formate is heated until it begiir. to melt, 
and the dehydrated salt is powdered. A little sodium formate thus freshly 
dried is introduced into a piece of combustion tubing about 20 cm. lon^, 
whicli is fused together at one end, and then, but s<‘parated by a space, 
there is addeni a mixture of the substance under examination with at least 
5 parts of the freshly dried sodium formate. Finally, the tube, a portion 
of which must always be left clear, is chwed by a coik through which is 
passed a Marsh's tube. The tube must be charged m such a way that it is 
at least half empty. This can be done by bending a piece of ])aper, so as to 
form a channel, placing the pure sodium formate and the mixture containing 
the substance under examination on the paper with a spaee between them, 
introducing the paper channel into the horizontal tube, turning the latter 
about 180^’ on its axis, and withdrawing the paper. On now heating the 
pure sodium foiinatc, care being takcsi to prevent too much frothing, the 
liberated hydrogen (or the carbon dioxide produced when the substance is 
more strongly heated), expels the air from the tube. On then heating the 
mixture under examination hydrogen arsenide is produced w’hcn ai'senic 
is present, in the same way as in Marsh’s test, forming a mirror when the 
narrow tube is heated, and giving a flame wliich produces spofs on cold 
surfaces, and also acts upon silver nitrate oi mercuric ( hloridis as described 
in 14, or in iSec. 02, 0. Sulphur compounds and nitrates do not interfere 
with the test. (Advantage over Marsh’s method.) Antimony compounds 
are reduced by sodium formate, but no hydrogen antiinonido is liberated 
when the temperature does not exceed 800" ; if, theieforc, the temiierature 
Ls kept below 400" the formation of a mirror indicates the presence of 
arsenic (Voumasos). 

Nnturalhj, a blank fed mud he made to ‘prove that the sfxlinm formate 
used does mt itself jmxlnce a mirror , and also does not (jive a tarry deposit. 

14. If hydrogen containing hydrogen arsenide is produced hy any 
method (cf. 12 and 13), and the gas conducted into a solution of silver 
nitr&tet silver will separate^ wliile ar.senious aeJd will remain in the 
solution. If the. ga.s is brought into contact with filter paper im- 
pregnated with silver nitrate solution, a yellow stain (Uutzeit) is 
produced if the solution was concentrated, and a black one if it was 
dilute. 1 The test is made, e.g. by treating a granule of zinc with 
sulphuric acid in a test-tube, and introdiuang the substance under 
examination, A wad of cotton wool is put into the moutli of the 


' For further details, see Sec. 92, 0 (e). 



SEC. 89 


TRIVALENT ARSENIC 


349 


test-tube, and over it is placed the filter paper, which has been 
impregnated with the silver solution. Hydrogen phosphide, hydrogen 
antimonide, and hydrogen sulphide interfere with the reaction. With 
regard to the dilTerence in the behaviour of arsenic and antimony, 
sec Sec. 92, 9.i ^ > 

15. On treating al)out 5 e.c. of fuming hydrochloric acid with a 
few drops of stannous chloride solution, and adding a frw drops of 
msolulion of arsenic trioxidc or an arscnilc, reduction lakes place, and 
a hrownish-hlack precipitate of arsenic is obtained (Bettendorf). 
(Antimony coiripounds are not reduced iind<*r the same conditions.) 
The reaction, which takes place slowly in the cold, but ra])idly on 
heating,- is very sensitive, but is only obtained when excess of 
funiuHf hydrochloric acid is ])iesent. If the hydrochloric acid has too 
low a spc'ciUc. gravity, the jirecijntat ion is either incomplete or does 
not take [ilace at all. (Only the arsenious ion jiresent in concen- 
trated hydro(dilori(‘ acid solution is riMluced, not the arsenite ion, 
which is present in the solution diluted with water, ef Sec. 89, 2.) 
If frequent tests for arsenic are to be made by this method, it is 
convenient to have a solution of stannous (diloride in highly con- 
centrated (38 per cent ) hydrochloric acid ready for the jiurpose. 
Instead of using stannous chloride, the substance may also be heated 
in a test-tube with 20 to 40 ingrms. of tin and 10 to 12 drops of 
concentrated hydrochloric acid (I^'erraro and darrobio, Zeitseh, and. 
Chem., 46, 477), Obviously it is still an essential condition that the 
liquid should contain strong hydrochloric acid. With regard to this 
reaction, sec also Z( ttseh. anal. Clteni., 245 ; 39, 44, and especially 
55, 358, where, too. details are given as to th(‘ sensitiveness of the 
test. 

1(). On treating a solution of arsenic trioxide or an arsenite with 
an equal or double volunu* of eoncentrated /(ffdroel/lorw acid and some 
solid sodiion Injpophosphite, and heating the liquid to boiling point, 
a brownish-black preeijitate, similar to that described in 15, 
separates when the quantity of arsenious ion is not too small. lu 
the pres<mce of a very small amount of arsenious ion, only a i/ellowish- 
hroivn to hroien coloration of th(‘ liquid is obtained, even after heating 

^ Piiriii and oxyparin also ciurso black stain-s to «.j)pear iu tlio absence of 
arsenic (l)illing, Zeitseh. anal. Chem.., 63, 278). 

* L. ^V. Winkler has shown that oven in tho ])re.scnce of sulphates the liquid 
can be heated without sojiaration of stannou-s sulphide taking place (which other 
authoritic.s have stated to occur) {Ze^ch. amjew. Cheni., 26, 143 ; ZeAtseh. anal. 
Chan., 55, 80). Sul])huric. acid may no reduced to hydrogen sulphide, however, 
and tho latter may interfere with the reaction, e.g. in the presence of bismuth 
(Peters, Uandh. anal. Praris, IL, 62). 
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it for a long time. The addition of a small crystal of potassiutn iodide 
materi^ly increases the sensitiveness of the reaction, but cannot bo 
used in the presence of substances which give precipitates with 
potassium iodide, or liberate iodine from that salt (Loof, Thiele). i 
17. If a'isenites, arsenic Lrioxide, or arsenic trisuljMde are fused 
with a mixture of 3 parts of dry sodium carbonate and 1 part of 
potassium cyanide, the ivhok of the arsenic is reduced, ani also the 
cation present in the arsemte, when it is reducible, while the oxygen 
converts part of the potassium cyanide into cyanate. Potassium 
thiocyanate is formed in the reduction of arsenic trisiilphide. Whilst 
the whole of the arsenic is volatilised durin<j the reduction of arsenic 
trioxide and sulphide, and is obtained as a mirror when the reduction 
is carried out in a suitable apparatus, arsenites only yield a mirror 
when their cation is either not reduced at all, or is reduced to a metal 
arsenide, which, when heated, loses part or all of its arsenic. This 
method of redueinp arsenic compounds with potassium epanide, 
devised by R. Presenilis and J^. von Babo, may be especially recom- 
mended for its simplicity, the certainty with which it will detect 
very minute quantities of arsenic, and the cleanliness with which it 
can be applied. It is especially suitable for the direct preparation 
of arsenic from arsenic sulphide, for which purpose it umjuestionaUy 
excels all other inethod-s in simplicity awl accuiaey. 

The process is preferably carried out in an atmosphere of carbon 
dioxide, so as to prevent the oxidation of arsenic, when pn'sent in 
only small amount, by the atmospheric oxygen. Since ordinary 
glass at the present time almost invariably contains arsenic, and 
may thus, when brought into contact with a mixture of potassium 
cyanide and sodium carbonate in a state of fusion, cause a mirror 
to be formed, even when arsenic is absent from the mixture, ^ its 
use must be avoided. For this reason the original ap{)aratus of 
R. Fresenius and L. von Babo should be modified as represented in 
Fig. 45. 

. Here ab represents a Kipp’s apparatus charged with pieces of 


^ Tho reaction described by R. J). Staddon ff>r the detection of very small 
amounts of arsenic, like those given in 15 and J(>, is also ba.sed upon a reduction 
of the compound to elementary arsenic. On adding to the solution under 
examination 0‘5 to 2 grms. of commercial sodiem hydro.siilphito, NajS/J^ 
(c/. footnote to heading of Sec 102), a finely pulverulent metallic precipitate 
is obtained. ArUimony < (/mpounds behave in the same way. Arsenic is soluble, 
whilst antimony is insoluble, in sodium hypoehloritc solution. Sec, however, 
Sec. 92, 8, footnote ((Jhein. Zfntr., 1912, 11., 1885.) 

^ Cf. W. Fresenius, “ Arsenic m glass as a source of error in the detection of 
arsenic ” {Zeitsch. anal. Chein,, 22, 397). 
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marble and pure dilute hydrochloric acid for the evolution of carbon 
dioxide, c a washing flask, which contains pure concentrated sulphuric 
acid to dry the carbon dioxide, and d is a tube of lead-free glass of 



1^0. 45. 

high fusing point, Fig. 40 represents this tube one half of its 
natural size. The tube must be of such a width that the porcelain 



Fig. 4(>. 


boat, intended to receive the mixture to be heated (and sliown in 
its actual size in Fig, 47) can just be introduced into it. 

When the apparatus has been j)repared and is filled with carbon 
dioxide, the arsenic compound to be 


reduced (which must be absolutely 
dry) is ground up with 12 parts of a 
mixture (entirely free from arsenic) 



of 3 parts of sodium carbonate Fia. 47. 


and 1 part of potassium cyanide, 

the powder placed in the porcelain boat, and the latter intro- 
duced into the reduction tube in the position shown in Fig. 48. 


The tube is then connected with the washing flask, a moderate 
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current of carbon dioxide admitted by turning the tap e (Fig. 45), 
and the mixture carefully dried by gently heating the boat and the 
whole length of the tube by means of a lamp. When all condensed 
water has been expelled from the tube, the speed of the current of 
gas is rcduccU so that the individual bubbles pass through the 
sulphuric acid at intervals of about a second, and the wider portion 
of the tube is heated to redness at the point where it begins to com 
tract, by means of the burner f When this temperature is reachiid 
the boat is heated by means of the burner //, moderately at first, to 
prevent spurting of the fused mass, and then more strongly, until the 
whole of the arsenic has been expelled. Should an arsenic deposit 
form in the wider portion of the tube, this, too, should be heated 
progressively up to the narrow portion, rractically the whole of the 
arsenic will then be found as a metallic mirror (Fig. 48) beyond the 
portion of the tube which is still continuously heated by the burner /, 
w'hilst a small fraction of it escapes from the point of the tube anti 
produces an odoui’ of garlic in the air. Finally, the point of the 



Fig. 4S. 


tube may be fused together and the mirror carefully volatilised by 
heating the point of the tube, so that the arsenic is deposited nearer 
to the wider portion, whereby it acquires a particularly tine and 
distinctive metallic appearance. In this way a perceptible mirror 
may be obtained from as little as mgrm. of arsenious anhydride. i 
Anliimnij sulphide, or other antimony compounds, do not give a 
metallic mirror when treated in this way. But the currmit of carbon 
dioxide must not be replaced by a current of hydrogen if the formation 
of antimony mirrors is to be avoided. 

18. If arsenic trioxide or an arsenic compound is exposed to the 
inner hlowpi 2 )e jlwnui on charcoal, the characteristic odour, recalling 
that of garlic, which has been frequently mentioned, will be diffused ; 
this odour is produced by the yellow modification of arsenic, and 
enables very minute traces thereof to be detected. 

19. A biological method of detecting very small amounts of 
arsenic has been described by Gosio (Zeilsch. anal. Chem., 39, 479) ; 
F. Abba (Ibid.,) ; Abel and Buttenberg (Ibid., 41, 137) ; Morpurgo 

^ Cf. W. Fresenius : “ The correct method of applying the Freaenius-Babo 
te«t for arsenic, and its sensitiveness ” {Zeitsch. anal. Chem., 20, 531). 
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and Brunner {Chem. Zenlr., 1898, II., 505). It is based upon the 
fact that certain mould-fungi, when grown on culture media con- 
taining arsenic, produce gases (probably mixtures of arsines and 
hydrogen arsenide), which maij he recognised hg their garlic-like odour. 
(The method is also applicable to atoxyl. B. Gralli-Vaierio, Zeitsch. 
anal. Chem., 51, 153.) The substance is either introduced in the 
form of a small strip (carpet, etc.) into a hole made in the middle of a 
eJice of potato (Abba), or is mixed in the form of a powder or solution 
with ground-up potato (Gosio) or bread-crumbs (Abel and Buttcnbcrg), 
then sterilised, inoculated with Pemcillium hrevicnule, kept for 24 to 
72 hours in an incubating oven, and its odour then tested. The 
presence of antise|)tic agents such as mercuric chloride, etc., and also 
of free acids, [)re vents the reaction. Acid Ihpiids must, therefore, be 
neutralised. Antimony, phosphorus, and bismuth compounds do 
not yield odorous gases when treated in this way, but selenium com- 
pounds yield gases with an odour recalling that of mercaptan, and 
tellurium compounds gases with a garlic-likc odour (xMaasen, 
Zeitsch. anal. Chem., 43, 136). i 

20 . With regard to the microchcmical detection of tri valent arsenic, 
sec Ilaushofer, Mikroskopisehe Reahionen, p. 15 ; Behrens-Kley, 
Mikroskopische Anahj.^e, 3rd cd., p. 134; Emich, Zeitsch. anal. 
Chem., 32, 167 ; Justus, Ibid., 46, 478; Schoorl, Ihul, 47, 370, 381 ; 
Sjollema, Ibid., 726; Benighs, Ibid., 48, 395; Nieuwlands, Ibid., 50, 
598 ; Hartwich and Toggeiiburg, Chem. Zenlr., 1909, I., 580. 

Sec. 90. 

(j3) Pentavalent Arsenic. 

1. Arsenic pentoxide, As 2()5 (arsenic anhydride), is a colourless or 
white, vitreous, fusible mass, which dissolves slowly in cold and 
rapidly in hot water, and when strongly ignited is decomposed into 
oxygen and arsenic trioxide. On allowing the solution to stand at a 
somewhat low temperature, it yields arseuic acid (ortho-arsenic acid), 
containing water of crystallisation, 2 H 3 As 04 d-H 20 , in colourless 
crystals, which delic],uesce in moist air, and lose their water of 
ciystallisation at 1(X)'^ At 180° pgro-arsenic acid, II 4 AS 2 O 7 , is ob- 
tained ; at 206° meta-arsenic acid, HAsOg ; whilst arsenic pentoxide 
is produced near the ignition temperature. All the arsenic acids 

^ For details of other lower organieifa having a similar action, soo Zeitsch. anal. 
Chem., 43, 657 ; for the detection of arsenic normally present in the organs of 
the body, see Ibid., 44, 724; further, W. Scholtz, /bid., 45, 606; Pool, Ch^m. 
Zenir., 1912, II., 1744 ; Huss, Ibid., 1914,1., 801 ; Klason, Ibid., 1914, II., 1247. 

23 
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dissolve Jn water, forming ortho-arsenic acid. The arsenic acids and 
arsefiic pentoxide are poisonous. 

2. The arsenates correspond to the acids in composition. Hence 
they are knowin as arsenates (ortho-arsenates), pyro-arsenates, and 
mta-arscnaies. The ortho-arsenates are either neutral, or mono- 
acid or di-acid salts. The alkali arsenates and dihydrogen prsenates 
(di-acid salts) of the alkaline earth metals are soluble in water, and 
nearly all the other arsenates dissolve in hydrochloric or nitric acid*. 
The anhydrous arsenates of non-volatile metals are not decomposed 
on ignition. 

A solution of arsenic pentoxide or of an arsenate in hydrochloric 
ocid may be boiled for a long time without arsenic trichloride 
volatilising, if it does not contain too much hydrochloric acid. Only 
when the residue consists of about equal parts of hydrochloric acid 
of sp. gr. 1T2 and of water do traces of arsenic trichloride escape 
with the hydrogen chloride. When a solution eontaininy penlavalenl 
arsenic is repeatedly distilled with concentrated hydrochloric acid and 
ferrous chloride (or cuprous chloride or potassium iodide or bromide), 
the whole of the arsen ic is obtained as trichloride (together with iodine 
or bromine, as the case may be) in the disldlate, (Distinction from 
antimony and tin compounds.) (Emil Fischer, Liebvjs Ayin., 208, 
182 ; Zeitsch. anal. Chem., 21, 266 ; Gooch and Hodge, Zeitscli. anory. 
Chem., 6, 268; Zeitsch. anal. Chetn., 34, 90; Gooch and Phel])s, 
Zeitsch. anory. Chem., 7, 127. D 

3. ElydiOgen sulphide does not precipitate the ions of penta valent 
arsenic from alkaline and neutral solutions, and at first produces no 
precipitate in the cold in moderate acid solutions. After the solutions 
have stood for some time some separation of colloidal arsenic penta- 
sulphide and sulphur takes place, and there is a partial reduction of 
the arsenate ion to the tri valent arsenic ion, which is followed by the 
precipitation of yellow arsenic pentasulphide- and arsenic trisulphide. 
This process continues uninterruptedly until finally the whole of the 
"arsenic has been precipitated (Brauner and Tomicek, I’hiele). Hydroyen 

* Friedheim and Michaelis {Zeitsch. anal. Chem., 39, 708) recommend distilla- 
tion with methyl alcohol in a current of hydrogen chloride for cases where it is 
desired that the residue should not contain any foreign matters derived from the 
reducing agents. These chemists have given this method as being especially 
suitable for the separation of arsenic ion from vanadium and molybdenum ions. 
Friedheim, Decker, and T)iem give the preference to potivssium iodide and hydro- 
chloric acid as reagent {Zeitneh. anal. c%em., 44, 078). Jannasch and Seidel 
use hydrazine salts in the presence of potassium bromide {Ber,, 43, 1218) for 
this purpose, whilst, according to Ebler, hydrazine bromide is preferable {Zeitsch, 
anal. Chem,, 50, 603). CJ. also Biileter, ib%d., 54, 190. 
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sulphide speedily jwecipitaies arsenic pentasulphide from strongly 
{hydrochloric) acid solutions (containing at least 2 parts of concen- 
trated hydrochloric acid of sp. gr. 1*12 to 1 part of water). (Fr. 
Neher.) • 

If hydrogen sulphide is condiuited into a moderately acid arsenate 
solutior heated to aljout 70 '\ arsenic pentasulphide is invariably 
obtained when the hydrogen suli)hide is in large excess ; otherwise 
%. mixture of arsenic pentasulphide, arsenic trisulphide, and sulphur. 
On adding sul[)hur dioxide or sodium sul])hitc and hydrochloric acid 
to a solution of arsenic acid or an arsenate, reduction of the penta- 
valent to trivalent arsenic takes j)lace (most rapidly on heating the 
liquid), whilst sulpliato ion is simultaneously formed. On then 
adding hydrogen sidpliide, tlie whole of the arsenic is immediately 
precipitated as arsenic trisulpliide. 

Atoxyl, which contains })entavaleni arsenic in complex combina- 
tion, NIIo ( 6H4.As0.0I1.0Na-( III^O, does not give any precipitate 
with hydrogen sulphide. 

The precipitates produced by hydrogen sulphide in solutions of 
pentavalent arsenic behave towards alkalis, alkali sulphides, and 
acids, on fusion with sodium nitrate and carbonate, and when heated 
with ammonium nitrate and chloride, in tlie same way as those 
obtained from solutions of trivalent arsenic. 

A mmonium fhioacetate behaves towards hydrocldoric acid solutions 
of arsenates in the same way as towards arsenite solutions {i.e. it 
produces a turbidity in the cold, and immediate and complete 
}»reci))itation of arsenic trisuli)lude on heating the liquid). 

Imodium thiosulphate completely precipitates ions of pentavalent 
arsenic as sulphide from acid solutions (although somewhat less 
readily tlian those of trivalent arsenic). 

4 . Ammonium sulphide, added to neutral and alkaline solutions 
of arsenates, causes the /orv/w/nw of sal pho-arsenate, which remains 
in solution, e.g. Na;jAsU4-f 4(NJl4)2H 1 41100 -=Na3AsS4d-8NH40H., 
On adding acid this anion is decomposed, and arsenic pentasulphide 
[not a mixture of arsenic trisulpliide and sulphur) is precipitated. 
The precipitation takes place more rapidly from cold moderately 
acid solutions than that produced by hydrogen sulphide. It is 
promoted by heat. 

5 . Silver nitrate produces in solutions of arsenic acid and alkali 
arsenates a very charaderistic Reddish-brown precipitate of silver 
arsenate, Ag3As04, which is readily soluble in dilute nitric acid and 
amnwnia solutum, and is also dissolved to some extent by ammonium 
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nitrate solution.^ If, therefore, the precipitate is dissolved in a little 
nitric acid, and a little dilute ammonia solution poured on to the 
solution, the precipitate separates at the zone of amlact of the liquids, 
and forms a xinf}. The addition of a little sodium nitrate increases 
the sensitiveness of this reaction. Tf, however, a little of the 
precipitate is dissolved in a very large amount of hydrochlo’^ic acid, 
the precipitate frequently will not he formed again on neutralising 
the liquid with ammonia, owing to the solvent action of the ammoniunl 
nitrate. An ammoniacal solution of silver arsenate does not give a 
deposit of metallic silver wlien boiled. (Distinction of arsenate ion 
from arsenite ion.) 

6. Cvpric sulphate does not produce a })reci])itate in an aqueous 
solution of arsenic. On the addition of an alkali hydroxide a bluish- 
green precipitate of cupric arsenate is formed. WTum more potassium 
or sodium hydroxide is added this precipitate becomes pale blue 
without dissolving. When the liquid is boiled cuproxs oxide is not 
precipitated. (Distinction of arsenate ion from arsenite ion.) 
(Atoxyl solutions give a crystalline green precipitate with cu[)ric 
sulphate solution ; it is soluble in achls and ammonia solution.) 

7. On heating a dilute solution of arsenic acid (or an arsenate), 
which has been treated with a little hydrochloric acid, with metallie 
copper, the latter remains quite bright (Wertlu'r, Ibinsch) ; if, 
however, the solution is treated with twice its volume of concentrated 
hydrochloric acid and then heated, the copper beconu's coatcid with a 
grey deposit in the same way as in the case of trivalent arsenic. 
Under these conditions the reaction is as sensitive as when arsenite 
ion is present (Keinscli). Atoxyl also gives the reaction, although 
slowly (Gadamer). 

8 . On adding a solution of arsenic acid or of an arsenate, soluble 
in water, to a clear mixture of magnesium chloride (or nuignesiuni. 
sulphate), ammonium chloride, and not too little ammonia solution 
(magnesia mixture), a crystalline precipitate of ammonium rruigrwslum 
arsenate, MgNH 4 As 04 + 6 HMO, is obtained immediately with con- 
centrated solutions, after some time with dilute, and after a long time 
with very dilute solutions. On dissolving a little of the precipitate 
in a drop of nitric acid in a clock glass, adding a little silver nitrate 
solution, and stirring the li<iuid with a glass rod which has been 
dipped in ammonia solution, a brownish-red precipitate of silver 
arsenate will be obtained. Wheil hydrogen sulphide is conducted 

^ Atoxyl gives with silver nitrate a ’.vhito precipitate, which is soluble in 
nitric acid and ammonia solution (Gadamer, Zeilffch. nnal. Chan., 47, 332). 
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into a liot solution of ammonium magnesium arsenate in hydro- 
chloric acid, a yellow precipitate is obtained. (Distinction of 
ammonium magnesium arsenate from the corresponding phosphate.) 

9. On adding a snuill quantity i of a solution of arsenic acid or of 
an arsenate to a few c.c. of a solution of ammonium molybdate in 
nitric rcid, no precipitate is formed in the cold, even after the liquid 
has been allowed to stand for a long time. If, however, the liquid is 
heated, jireferably not much above 70*^, a hriyht yellow - qmmpitate of 
arnmnnum arsemmolyhdate separates ; under the microscope this is 
seen to consist of stellar groups of needles. Ammonium arseno- 
molybdate is soluble in ammonia solution. On adding to the result- 
ing colourless solution the magnesia mixture mentioned in 8, the 
reaction there described is obtained. 

10. Compounds of penta valent arsenic behave in the same 
manner as those of trivalcnt arsenic towards stannous chloride in the 
presences of fuming hydrochloric acid,*^ sodium hypophosphite, and 
Jiy drool iloric acid, zinc in the presence of sulphuric acid,^ and 
potassium cyanide, and also before the bloivpipc. When arsenic is 
reduced in a platinum basin by means of zinc, the platinum is not 
stained black. (Distinction from antimony.) 

11. \\ ith regard to the mierochemiml detection of penta valent 
arsenic, see Jlaushofer, Mikroskopischc Reaktionen, p. 15; Behrens- 
Kley, Mikrochemischc Analyse, 3rd ed., p. 131; Deniges, Zcitsch. 
a mil. ('hem., 53, 405. 

Bec. 91. 

(c) Antimony, 8b. 120 2. 

1. Antinwny is trivalcnt and pentacaknt, and tetra valent com- 
pounds are also known. Metallic antimony is bluish- white, lustrous, 
hard, ])rittle, melts at 030'^, and is volatile at a very high temperature 
(boiling point 13(J0 ). Its specific gravity is G'5 to G'7. Nitric acid 
oxidises antimony, the dilute acid converting it almost quantitatively 
into trioxide, wdulst by increasing the concentration, a correspond- 
ingly larger amount of pentoxidc (aiitinionic anhydride) is formed, 

^ An excess of arsenato solution must bo avoided, since the yellow pre- 
cipitate is soluble in alkali arsenate solution. 

“ A white or only faintly yellow i)rccipitato, which is formed if the liquid is 
heated too strongly and consists of precipitated molybdio acid, is obviously no 
proof of the presence of arsenate ion. 

“ In the case of arsenates, Botttfidorf’s reaction takes place more slowly, 
especially when it is a question of only small amounts of arsenate. Atoxyl does 
not give Bettendorf’s reaction (Giadamer). 

^ Atoxyl also yields hydrogen arsenide (Gadaraer). 
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and boiling concentrated acid oxidises it almost completely to 
pentoxide. The ])roduct of neither of these oxidation stages is 
absolutely insoluble in nitric acid. Hence the acid filtrates from 
the precipitates invariably contain traces of antimony. Antimony 
is readily soluble in nitric acid in the presencie of tartaric acid. 
Hydrochloric acid, even when boiling, docs not attack antimony 
when air is excluded. Aqua regia dissolves it readily. The solution 
will contain trichloride, Sl>Cl3, or pcntachloride, SbCIs, according to ' 
the duration of the action and the concentration. According to 
Hcnz (Zeksch. anorg. Chem., 37 , 1 ; Zeitseh. anal. Chem.. 46 , 593 ), 
hydrochloric acid to which bromine has been added is a still more 
suitable solvent for antimony. 

2 . Aniinmig trioxide (antimonous oxide), Sb^Os or Sb^Oe, occurs 
cither as white, lustrous, acicular crystals, or as a white powder, 
according to the method of preparation. It melts at a low ignition 
temperature in the absence of air, and volatilises without decom- 
position at a higher temperature. It is insoluble in water, is readily 
soluble in hydrochloric and tartaric acids, and only very sparingly 
soluble in nitric acid. On boiling it with hydrochloric acid (free 
from chlorine) and })otassium iodkh' (free from iodate) no separation 
of iodine takes place (Bunsen). When fused with j)otassium cyanide, 
antimony trioxide is readily reduced. 

The hgdroxides of trivalent antimony are white ; they possess 
both a slightly acid and slightly basic character, corresponding to 
antimonous ion, Sb*”, antimonyl ion, SbO’, and antimonite ion, 
SbO'2- They gradually change, even under water, owing to the 
liberation of water, into antimony trioxide. 

3 . Anlirmng j)enloxide (antiinonic anhydride), Bb.^Os, is pale 
yellow. Three acids correspond to it, viz. orthoantinionic acid, 
H3Sb04, pyroantimonic acid, 11485.207, and meta-anti monic acid, 
HSb03. These acids are white. Antimony pentoxide, as also the 
antimonic acids, redden moist litmus pa})cr ; they are scarcely 
soluble in water, and almost insoluble in nitric acid, but dissolve 
fairly readily in hot concentrated liydrochloric acid to form a solution, 
which contains antimony pcntachloride, BbCls, and becomes turbid 
on the addition of water. On boiling antimony pentoxide with 
hydrochloric acid anfl potassium iodide there is a separation of 
iodine, which, in the presence of hydriodic acid, dissolves to form a 
brown solution (Bunsen). When ignited antimony pentoxide loses 
oxygen and is converted into infusibl^ antimony tetroxide, Sb^Oi. 
Of the salts of ortho-, pyro- and mcta-antim(*nic acids, only the 
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potassium salts are soluble in water ; the corresponding antiinonic 
acids arc precipitated from these solutions by acids. Sodium 
chloride precipitates disodium dihydrogen pyroantimonate from a 
solution of dipotassium dihydrogen pyroantimonat(f, Na 2 H 2 Sb 207 . 
(Sec. 29, 3). 

4. Ti.e sails of Invalcnt anliimyiij (antimonous .salts) with volatile 
acids are decomj)osed on ignition, whilst the haloid salts volatilise 
readily and without decompo.sition. The soluble neutral antimonous 
salts redden litmus in corise(|uenc(i of hydrolysis ; when treated with a 
large amount of water they yield insoluble ba.sic salts and acid 
solutions containing antimonous ion. Thus water, when added in 
large ])roport ion to a solution of antimony trichloride in hydrochloric 
acid, precipitates a voluminous white j^recipitate of basic antimonous 
oxychloride (powder of algaroth), 2(Sb()(d), 81)203, which becomes 
heavy and crystalliiu' after some time. Tartarus acid readily dis- 
solves the precipitate ; hence it prevents the precipitatjon if added 
prior to the addition of water. This behaviour distinguishes 
antii)ionous oxychloride, SbOCl, from bismuthyl .salts formed under 
the same conditions. Some of the basic salts contain the mono- 
valent cal ion, antimonyl, 8b0‘. Tartar cimdic, C'4H406K(Sb0), 
and many other antimony compounds arc doubtless to be regarded 
as simple basic salts, but th(‘y might al.so be considered to be com- 
pounds with complex anions containing antimony. The addition 
of a little hydrochloric acid to solutions of tartar emetic and analogous 
coinj)ounds produces a white precipitate of a?itimonous o.xy chloride, 
which di.ssolves on the addition of more hydrochloric acid, 

C4HiOoK(8b()) {-}lCl-(; 4 Ff 50 oK l-8bOC3 

5. Hydrogen sulphide preapilates anlimnuj incomplelehj from 
neutral solulions oftnealent anhmonp, and not at all, or at all events ywt 
compUiel If , from alhdine solutions, hut from acid solutiotis, if the 
quantity of free acid (miiKual acid) is not too great, it prexipiiale^ it 
quant itatirehj as amorphous orange-red antinwiuf sulphuie, SbgSs- 
The precipitate is readily dissolved by potassium or sodium hydroxide 
solution, and by solutioyis of alkrdi sulphides, especially when they 
contain polysulphides, but is only slightly soluble in ammonia solu- 
tion (distinction from antimony pentasulphide), and, when free from 
antimony pentasulphide, practically insoluble in ammonium hydrogen 
carbonate solution. . It is insolil^le in cold ddulc acids, and also in 
alkali hydrogen sulphite 8olutiqp.s. Concentrated hydrochloric acid of 
sp. gr. ri8 dissolves it, even in the cold, with the evolution of hydrogen 



360 BEHAVIOVR OF SUBSTANCES TO REAGENTS ch. ii 


sulphidp, whilst it is soluble even in hydrochloric acid of sp. gr. 112 
when heated. 

When heated in the absence of air (e.g. in a current of carbon 
dioxide) or ?vcfl beneath a liquid, the orangc-red antimony trisulphide 
is converted into hlach trisulphide. In the presence of air the 
precipitate is converted into a mixture of antimony tetro^de with 
antimony sulphide (trisulphide or iientasulphide). On boiling a 
solution of antimony trisulphide in potassium hydroxide or sulphiJe 
solution with hismuthous oxide, bismuth sulphide is formed, while 
antimonite ion remains in solution ; if the alkaline solution is 
boiled with cupric oxide, cuprous sulphide will be produced, and the 
alkaline solution will then contain pyroantimonate ion. By igniting 
antimony sulphide with sodium nitrate, sodium sulphate and sodium 
pyroantimonate arc obtained. When heated in a current of 
chlorine or ignited with a mixture of 5 parts of ammonium chloride and 
1 part of ammonium nitrate, antimony sulphide volatilises completely, 
being decomposed in the process. If the latter operation is carried 
out in a tube fused together at the bottom, or in a current of air, the 
antimony will be found as trichloride in the sublimate. On fusing 
antimony sulphide with jyotassium cyanide, elementary antimony 
and potassium thiocyanate will be obtained. If the operation is 
carried out in a small tube, the lower j)art of which has been 
blown into a bulb, or in a current of carbon dioxide (cf Sec. 89, 
17). no sublimate of antimony will be obtained. If, however, the 
antimony sulphide is mixed with sodium carbonate or with 
sodium carbonate and potas.sium cyanide, and heated in a current 
of hydrogen (cf Sec. 89, end of 17), an antimony mirror will be 
formed in the tube immediately beyond the place where the mixture 
was placed. 

Hydrogen siil])hidc precipitates antimony pentasulphide, SbgSs, 
mixed with antimony trisulphide and sulphur, from a solution of 
antimony pentoxide. The precipitate dissolves readily in a tiot 
'solution of sodium hydroxide or ammonia, very 8 })aringly in cold 
ammonium hydrogen carbonate solution, and readily in boiling 
concentrated hydrochloric acid, with the evolution of hydrogen 
sulphide and separation of sulphur. 

6 . Ammonium sulphide produces an orange -red precipitate of 
antimony trisulphide in solutions containing trivalent antimony. 
The precipitate dissolves readily^'in excess of the precipitant, 
especially when the latter contains plysulphide,. Acids precipitate 
antimony pentasulphide ( 81 ) 5 , 85 ) from this (pulysulphide) solution. 
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Its orange colour, however, usually appears paler under these con- 
ditions, owing to the presence of admixed sulphur. 

7. Sodium thiosulphate preci})itates aniitmmj sulphide or, under 
suitable conditions, red “ antimony vermilion,” {ib 2 S 20 , i.e. a 
mixture of Sb 2 S 3 , with varying small quantities of 81)203- This 
may be \ ery readily obtained by treating a solution of sodium thio- 
sulphate with an aqueous solution of sulphur dioxide (whereby the 
solution becomes yellow), adding a small quantity of a solution 
containing trivalerit antimony, and heating the liquid to boiling 
point. The liquid first bc(a)mes turbid owing to the separation of 
sulphur, and the antimony is then prccijiitated as red antimony 
vermilion. 

8. Potassium hydroxide, and also sodium hydroxide, ammonia, 
sodium carbonate, or ammonium carbonate, produce a voluminous 
white precipitate of atitimony hydro.xide in solutions of antimony 
trichloride or of simple antimony salts, but less conq)letely and only 
after some time in solutions of tartar emetic or analogous coinpounds ; 
this precipitate, in accordance with its slightly acid character, 
dissolves fairly readily in excess of potassium or sodium hydroxide 
solution, but is practically insoluble in ammonia solution, and only 
dissolves in sodium carbonate solution when heated. 

9. Metallic zinc and, in similar manner, metallic tin (distinction 
from tin (iheszczek)) or magnesiuniy precipitate demenlanj antimonij 
(US a black powder from all solulmis (f anlimoup S(dbs, if they contain 
no free nitric acid. If a few drops of a solution of an antimony salt 
containing a little free hydrochloric acid are placed in a platinum 
basin (or the inside of a })latinum crucible lid), and a small fragment 
of zinc or tin introduced into the solution, antimony separates, while 
hydrogen containing hydrogen antimonide is evolved. The pari of 
the platinum covered by the liquid beconws brown or black, even in the 
case of very dilute solutions. This reaction is as sensitive as it is 
characteristic. The deposited antimony dissolves in hydrochloric 
acid of sp. gr. 1‘12, speedily even in the cold when the stain is ver}» 
slight, but slowly and only after heating when it is pronounced ; on 
heating the deposit with nitric acid containing a little tartaric acid 
it dissolves immediately. 

10. On heating a solution of an aidi'tvomj salt containing a little 

hydrochloric acid with bright iron, e.g. a small iron rod, the whole of 
the antimony soon separates inMhe form of heavy black flakes. (Dis- 
tinction from tin.) | 

On treating (in Reiuscli’s test) a solution containing antimony 
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ions with sufficient hydrochloric acid to give a solution containing 
about ’IG per cent, of that acid, and boiling the liquid with thin 
strips of bright copper foil, the antimony is })recipitated on the 
copper in tlu^ form of a violet deposit. When the copper strip 
is washed, dried, rolled up, and heated in a glass tube, a (non- 
crystalline) sublimate is obtained, although only after stror>§ heating. 
The precipitation also takes j)lacc in the presence of organic sub- 
stances (IIowc and Mertins, Cln’in. Znitr., 1897, L, 78). 

11. On treating a solution of triralcnt antimonij in potassium or 
sodium hijdroxide solution (obtained by precipitation with alkali 
hydroxide and dissolving the precipitate in excess of the reagent) 
mth silver nitrate, there is produced, in addition to a greyish-brown 
preci])itate of silver oxide, a deep black [jrecipitate which was 
formerly considered to be silver suboxide. On then adding ammonia 
solution in excess, the silver oxide dissolves, whilst the black pre- 
cipitate remains undissolved (H. Rose). According to the investiga- 
tions of Pillitz, this [trecipitate is a mixture of antimonij and silver in 
variable proportions, and possibly ahso contains a chemical compound 
of the two metals. This extremely sensitive reaction affords a 
particularly good means of detecting tri valent antimony in the 
presence of pentavalent antimony. 

12. If a solution containing antimony ions is introduced into a 
flask in which hydrogen is being evolved from pure zinc and dilute 
sulphuric acid, the zinc, in addition to causing the evolution of 
hydrogen, also effects a reduction of the antimony compound. 
Antimony thus separates in nuiallic form (see 9), but at the moment of 
separation part of it also combines with the hydrogen to form 
gaseous hydrogen antimonide, SbH 3 . If this operation is carried out 
in the apparatus used for Marsh’s test for arsenic (*Scc. 89, 12), and a 
light applied to the hydrogen issuing from the fine jet,i after all 
atmospheric air has been expelled, the Jlairu' will appear bluish-green, 
owing to the antimony which is liberated in the decomposition of the 
hydrogen antimonide, and burns in the flame ; this produces a white 
smoke of antimony trioxidr’., which is readily deposited on a cold surface, 
and is not dissolved by water. But if a cold substance, preferably a 
porcelain dish, is held in the jlanw, metallic antimony in an extremely 
fine state of division is deposited upon it as a deep black, almost lustreleM 
spot. On heating to redness the middle of the glass tube through 
which the gas is passing the bluish-green colour of the flame 

' The colour of the flaiuo apjxiars part^ularly distinct and pure when the 
gas issues from a platinum jet. 
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diminiHhcs, and, at the same time, a silvery lustrous metallic mirror 
of antimony is produced on both sides of the heated part of the glass 
tube. 

Since compounds of arsenic produce similar stains^ or a mirror 
under the same conditions [of See. 89, 12), it is necessary to apply 
further tes^s to them, before it can be stated with certainty whether 
they consist of antimony or contain it. A mirror containing antimony 
ma^' be identified by the fact that it only volatilises at a fairly high 
temperature on hc'ating the tube through which hydrogen is still 
passing, that the hydrog('n issuing from the tube has no odour of 
garlic, that when lighted it only deposits spots upon porcelain when 
the cui rent of gas is strong, and that the mirror before volatilising 
melts into small lustrous glolmlcs, which arc distinctly })crceptible 
with the aid of a lens. With regard to the further dilTerentiation of 
s])ots and mirrors of ars('nic and antimony, see 8e(-. 92, 8. 

The j)rescnce of mercury compounds, especially mercuric chloride, 
and also of sul[)hites, has an effect upon the detection of antimony 
])y meujis of Marsh's up])aratus analogous to their effect upon the 
detection of arsenic {cf Sec. (S9, 12). 

The behaviour of hydrogen containing hydrogen antimonide 
towards a solution of .silver nitrate or mercuric chloride and towards 
solid ])otassium hydroxide will be described in Sec. 92, 9. 

13, On hcaiuifj an alkaline solution containiny antimony ions 
(obtained by tlie u.sc of exce.ss of jmtassiuni or sodium hydroxide 
solution) with aliuninkim, zinc, or a little mwjnvsium, hydrogen will 
be liberated and the ivhole of the antimony precipitated. Hydrogen 
antimonide is not liberated in the process. (Distinction from 
arsenite ion, which, when treated in the same way, yields hydrogen 
arsenide. Hager, Gatehouse. i) The test does not distinguish 
antimony from ar.senate ion. Sec. 92, 9 (d), 

14. U'hen a mixture of a solid antimony compound with sodium 
carbonate or, l^etter, wilh sodium carbonate and potassium cyanide, 
or with sodium formate is exposed to the inner blowpipe flame in a 
hollow on charcoal, round brittle particles of nuiallic antimony arc 
obtained, and may be readily identified by the characteristic pheno- 
mena which they show on oxidation. For example, if metallic 
antimony is heated on charcoal before the blowpipe, it produces a 
dense while smoke of antimony trioxide, which forms a deposit on 
the (diarcoal ; this phenomenoiy continues for some time after 

* For a further roaefion of aiitinu^y, doiwiuliiig on its reduction to metal, 
see 8oc. 89, IG, footnote. 
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the substance has been withdrawn from the flame ; ib is especially 
prondunced w^hen a current of air is directed on to the substance by 
means of the blowpipe. If, however, the air is checked, so that the 
smoke rises ^’crtically, tlie metallic granule will be surrounded by a 
network of pointed, lustrous crystals of antimony oxide. 

15. On introducing antimony compounds into the upj]^:r reducing 
area of the gas fiaine (p. 82), a gu’enish-fawn colour is imparted to 
the flame, but no odour is dilTused ; the reduced deposit is black, 
and either dull or lustrous, whilst tlie oxide deposit is white. When 
it is moistened with absolutely neutral silver nitrate solution, and 
ammonia vapour blown on to it, it gives a black stain (Bunsen). 

16. AVith regard to the microcheniical deteetion, of the ions of 
antimony, sec Haushofer, Mtkroslopisehe Realtwnen, p. 14 ; 
Bchrcns-Kley, Mihroehemisehe Analgse, 3rd ed., ]>. 101 ; Deiiig6s, 
Zeitsch. anal, Chcni., 46, 601 and 602 ; School! , Ibid., 47, 375, 381 ; 
Sjollema, Chem. Zenir , 11308, 1., 762. 

Si-:r. 02. 

Summary and Remarl'i on Group 17. Dir. 2. 

For the detection of tlie elements of the second division of the 
sixth group in mixtures or solutions which contain all or several of 
them, w’idely varying methods may be employed ; and it cannot be 
stated directly which method is the be.st, since the choice of one or 
another method will dc})end largely upon the projiortions in which tlie 
substances are present, and upon whether it is desired to attain as 
high a degree of accuracy as jiossible, or to accomjilish the end in 
view rapidly without attempting to reach the highest degree of 
accuracy. 

In the following paragraphs we first describe the different nudhods 
which are suitable for the separation of tin, antimony, and arsenic 
from one another,^ and tlien the methods of distinguishing between 
the different stages of valency of each individual elemcM, and also for the 
separation of the iom of gold and platinum from those of tin, antimony, 
and arsenic. 

1. If 1 part of a dry mixture of the sulphides of tin, antimony, 
and arsenic is triturated with 1 part of anhydrous sodium carbonate 
and 1 part of potassium nitrate, and this mixture is introduced little 
a. 

^ It is obviously imposaible to mention here all the diflerent methods pro- 
posed, since the reactions, by means of ,yhich the three elements may be dis- 
tinguished, can be grouped together in widely different forms. 
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by little into a small porcelain crucible, in wbicli 2 parts of sodium 
nitrate are being fused at not too high a temperature, the sulphides 
will be oxidised with sliglit explosion. The fused mass will contain 
stannic oxide and the arsenate and antiniouate of sodium, together 
with sulphate, carbonate, nitrate, and nitrite. The heat ‘must not 
be increas^'d to such an extent or continued so long that sodium 
oxide is formed from the sodium nitrite, since otherwise sodium 
stiftinate, which is soluble in water, will be produced. On treating 
the mass with a little cold water, stannic oxide and disodium dihy- 
drogen pyroantimonate will remain undissolvcd, whilst sodium 
arsenate and the rest of the salts will be dissolved. Tf the filtrate 
is acidilied with nitric acid and heated,' so as to exjx'l carbon dioxide 
and nitrogen trioxide (nitrous anhydride), the arsenate may be 
separated and identified by means of silver nitrate, as in Sec. 90, 5, 
or by means of magnesia, mixture (Sec. 90, 9), or as ammonium 
arsenojnolybdate. On treating the resi<lue of stannic oxide and 
disodium dihydrogen [)yroantimonatc (previously washed once with 
cold water and at least three times with dilute alcohol 2) with a little 
hydrochloric acid in the in vended lid of a platinum crucible, and 
gently lieating it, it either dissolves com[)letely, or, if much stannic 
oxide is present, remains as an insoluble white precipitate. If this 
is ignored and a fragment of zinc is added, the metals are separated ; 
the ])resence of antimony is indieated by the blacki'ning of the 
jelatinum. On then removing the zinc after the evolution of 
hydrogen has nearly stopped, se])arating the zinc, chloride solution 
by careful decantation, and heating the contents of the lid with a 
little hydrochlorh; acid, the tin will dissolve as stannous chloride, 
whilst the antimony, if j»resent in considerable (piantity, will remain 
undissolved in the form of bla(;k flakes. The former may be identified 
in the solution by means of mercuric, chloride or a mixture of ferric 
chloride and jiotassium ferricyanide, and the latter by dissolving it 
in nitric, acid containing a little tartaric acid, and testing the solution 
with hydrogen sulphide. Should antimony not have been detected 
with certainty by the foregoing reactions, a portion of the solution 

’ If a jirncipitate is fornanl on acidifying the liquid with nitric acid, it is 
duo to Rtaimic hydroxide, wlncli lias sojiarated from tho sodium stannate (if 
the fusion has been made at too high a tomperaturo). Stannic arsenate will 
also be precipitated with it, so that small quantities of arsenic may bo com- 
pletely precipitated and escape detection. 

2 Tho removal of arsenate ion is also necessary to prevent any hydrogen 
arsenidi! being formed in the subseyient treatment. The jirecipitnto must 
therefore bo thoroughly washed, /dpohol is added to jirovcnt tlie disodium 
dihydrogcn^pyroantimonato'dissolvii^. 
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obtained by treating the metals with hydrochloric acid is evaporated 
to a ^mall residue, and, after the addition of a drop of hydrochloric 
acid, tested on a platinum crucible lid with tin (Sec. 9], 9). Since 
this method of detecting arsenic, antimony, and tin in tlie presence 
of each other is dealt with in the scheme of analysis, we have only 
described the principles here, and for the details of their ^application 
reference must be made to the first chapter of the second part 
(Kubric No. 120 H se(j.), 

2. On gently heating a mixture of the sul])]iidos of arsenic, 
antimony, and tin with fuming hydrochloric acid (after it has been 
freed from the greater portion of the adhonmt water by ])lacing the 
filter containing it on porous paper), the sulph'des of tin and antimony 
dissolve, whilst the arsenic sulphide remains undissolvcd. The 
liquid is heated until the hydrogen sulphide has escajicd, and is then 
diluted with a little water, and filtered. If the arsenic sulphide 
(including the filter jiaper, if only a very small amount is present) 
is treated with hot concentrated hydrochloric acid, and the solution 
diluted with a little water and filtered, the resulting arsenate ion 
may easily be detected in the filtrate by means of ammonium 
molybdate (Sec. 90, 9). On treating arsenic sulphide with ammonia 
solution and evaporating the solution after the addition of a granule 
of sodium carbonate, an arsenic mirror may be obtained by heating 
the residue with potassium cyanide and sodium carbonate in a 
current of carbon dioxide (Sec. 89, 17). The hydrochloric acid 
solution containing the tin and antimony is heated for a short time 
with a small bright iron rod and allowed to stand for ton to fifteen 
minutes. This causes the antimony to separate in black flakes, 
whilst the stannic ion is reduced to stannous ion. The liquid is 
filtered, and the filtrate tested for stannous ion by means of mercuric 
chloride. As a confirmatory test the .separated antimony may be 
thoroughly washed and dissolved in nitric acid containing a small 
quantity of tartaric acid, and the solution treated with hydrogen 
sulphide. 

3. When a mixture of the sulphides is digested with a little 
ordinary solid ammonium carbonate (mixture of ammonium hydrogen 
carbonate and nmmonium carbamate), (NH 4 HC 0 ;j)NH 4 C 02 (NH 2 ), 
and water at a moderate heat, the ari^cnic sulphide is dissolved, and 
may be re-precipitated from the filtrate on acidification, whilst 
antimony and tin sulphide remain undi.ssolved. This separation, 
however, is not quite coiufilete ; tr/ces of the sulphides of antimony 
and Un are dissolved, whilst a little arsenic sulphide remains in the 



SBC. 92 8VMMARY AND REMARKS ON GROUP VI 367 


residue. It is, therefore, necessary, when absolute certainty is 
required, to wash the precipitated arsenic sulphide obtained by 
acidifyin«>; the alkaline .solution (especially when it consists of only 
a few flakes) and to treat it with ammonia solution, to evaporate the 
solution after the addition of a {granule of .sodium carlfonate, and to 
fuse the residue with ])otas.sium cyanide and .sodium carbonate in a 
current of carbon dioxide, so as to obtain an arsenic, mirror. The 
residue, insoluble in anunonium carbonate solution, .should be treated 
as in 2. 

4. In the analysis of metal alloys a rc.sidue, in.soluble in nitric 
acid and consisting of stannic oxide, oxygen compounds of antimony 
and arsenic, jientoxidc is frequently obtained. This is fused (pre- 
ferably with sodium hydroxide) in a silver crucible, ^ the mass stirred 
with a little water, the Ihpiid tnuited with a third of its volume of 
80 per cent, (by weight) alcohol, and liltered, and the insoluble 
re.sidue of disodium dihydrogen pyroantimonate wa.shed with dilute 
alcohol, to which a few drojis of sodium carbonate solution have 
been added. In the jiresence of much tin it is advi.sable to treat 
the residue again in the same way, in order to i.'xtract the whole of 
the starmate. The filtrate is aciditied with hydrochloric acid and 
the ions of tin and arsenic jirecipitated from tlie hot .solution as 
sulphides, which are then .separated, preferably as in 2. 

A similar method has been proposed by 0. Kassner (Zc/fs'c/i. anal. 
Chetn., 34, ^bO), in which the moist sulphides are mixed with water 
and oxidised with sodium peroxide, the liquid evaporated in a silver 
crucible, and the residue fused. The filtrate from the insoluble 
disodium dihydrogen [lyroantimonate is slightly aciditied with 
sulphuric acid, the .stannate ion precipitated with ammonium 
chloride, 2 and the arsenate ion precipitated by means of magnesia 
mixture from the filtrate {rf. also Walker, Zcilsch. anal. Chem., 46, 
600). retersen {Zeiiavh. anon/. U/inn., 88, 108 ; ZeiUsch. anal. Chem., 
54, .irif)) boils the sul])hide with 10 to lb c.c. of water and a spatula 
full of sodium peroxide. Di.sodium dihydrogen pyroantimonate 
separates on cooling the liquid. Htannate ion and arsenate ion may 
be detected in the filtrate, c r/. as in Kassner's method above. For the 
detection of arsenic Tetersen re(‘omnicnds the use of Bettendorf’s 
reaction (Sec. 89, 15), after the addition of concentrated hydrochloric 
acid to the filtrate. If imudi tin is ])resent, the solution of the fused 
mass may be turbid under certain conditions. In that case it 

’ For tho inct liod il u,sing thiij, see j). 6S. 

' 8ee footnote 1 , jif 308, 
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should be filtered while hot ; the antimonate separates from the 
filtrate on cooling. 

F. t. Hahn {Zcitsch. anor(j. Chem., 92, 1G8 ; Zciisch. anal. Chem., 
56, 53) extracts the mixtures of sulphide and sulphur with sodium 
sulphide soluiion in the col<l, adds about twice the volume of 10 per 
cent, sodium hydroxide solution and hydrogen peroxide, and heats 
the liquid if necessary to boiling point. The evolution of oxygen 
shows that enough hydrogen peroxide is present. The addition of 
alcohol soon causes the precipitation of disodium dihydrogen pyro- 
antimonate to be complete. Hahn’s method of separating stannate 
and arsenate ions in the filtrate is essentially the same as that of 
Kassner, since after evaporating tlie alcohol he adds ammonium 
nitrate i and expels the ammonia by boiling. 

5. If, therefore, it is a question of detecting very small quantities 
of arsenic ions in the presence of large amounts of tin and antimony 
ions, it is advisable to distil the solution containing the chlorides with 
not too small a quantity of fuming hydrochloric acid and ferrous 
chloride or ferrous sulphate, 2 using a receiver containing chilled 
water, until about a fourth of the liquid has distilled, and to test 
the distillate with hydrogen sul])hide (E. Fischer, F. Hufschmidt, 
A. Classen). The method is less suitable for the simultaneous 
detection of antimony and tin ions, since the distillation must then 
be continued and rc'peated until the whole of the arsenic ion has 
distilled, in which case small ((uaidities of antimony and tin ions may 
also be found in the distillate ; and also on account of the fact that in 
precipitating tin and antimony by means of hydrogen sulphide from 
the distillation residue the sul])hides are obtained in admixture 
with a large amount of sulj)hur. A solution suitable for distillation 
can only be obtained from the sul})hides by heating them with 
hydrochloric acid, with the addition of a little potassium chlorate, 
or more conveniently by suspending them in water and introducing 
sodium peroxide (Th. Foleck), or by heating them with concentrated 
sulphuric acid ( Plato). ^ 

Arsenic may be separated from alloys in a similar manner by 

^ If tin is precipitated by means of ammonium clilorido or nitrate, arsenic 
may be present in the tin precipitate. 

* Before using the reagents mentioned for the detection of small quantities 
of arsenic, it is necessary to test them by the distillation method, to Iw certain 
that they themselves are absolutely free from arsenic. 

• For details of a distillation method of separating the three elements, 

which, however, is more suitable for quantitative purposes, see Plato [Zeitsch. 
anorg. Chern., 2G ; Zcilsrh. anal. 60, b41 ; W. Hartmann {Ibid., 

58, 148). \ 
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distillation of a hydrochloric acid solution with a large amount of 
ferric chloride. Under these conditions during the solution of the 
alloy, reduction to ferric chloride takes place with little, if any, 
evolution of hydrogen, so that only arsenic tricjiloride distils 
(L. do Koninck, Ohem. Zcnlr.y 1895, 11., 1132). 

Arsenic and antimony ions lYiay he separated from each otlier 
hy treating them with methyl alcohol and hydrochloric acid, and 
distilling the li(piid at the temperature of the water bath. Only 
arsenic tiichloride distils, whilst antimony ions remain in the residue 
(Fried heim and Michaelis, Zeifsch. anal. Chem., 39, 708; Cantoni 
and (diautems, 7/Ad., 49, 720; Mo.ser and Pcrjatel, Ibid., 52, 314; 
Oollins, Ibid., 52, 591). The last-mentioned (;hemist points out that, 
to jui'vent the ])ossibility of simultaneous distillatioii of antimony 
ions, all moist ure must be exdudc'd. 

6. Arsemie and antimony ions may b(‘ readily separated by treat- 
ing 1 ])art of the solution with 2 ])arts or inore of hydrochloric acid 
of sp. gr. U2, and introducing hydrogen sulphide gas. The arsenic 
ion is till'll precipitated, either as trisulphidc or pcntasulphide, 
according to the conditions, whilst, antimony ion remains in solution, 
but may bi* jireeipitated with hydrogen suljihide after diluting the 
li([uid with water (0 Kdhh'r, Neher). A similar method may bo 
used for the se[)aration of antimony ion from tin ion. the solution 
containing the tin in tetravalent form being treated with concentrated 
hydrochloric acid of s]). gr. ri8, and diluted in such a way that for 
each part of watei' 1 part of this acid is ])rescnt, since from such a 
solution oiil\’ the antimony ions and not tlu' fin ions are prei'.ipitated 
by gaseous hvdrogen suljihide (Ijoviton). According to Lc Roy 
AV. MeUav, and also Iv. Thiele, the separation of stannic and anti- 
monous ions may also be eflected by treating tin' hydrochloric or 
sulphuric acid solution with hydrofluoric acid, only antimony 
sulphide being then [)rcci[>itated from this solution liy means of 
hydrogen sulphide [Zcil.^ch. anal. Chem., 51, (JSO). 

If successive precipitation with hydrogen sulphide is to be used , 
for the separation of the three elements, arsenic (which should pre- 
ferably be in the trivalent condition) and antimony ion are first 
precipitated together from a hot solution containing much oxalic 
acid, these suljihides dissolved (as described in No. 5 at the end of 
the first paragraph) and then separated from a solution in strong 
hydrochloric acid by tlie method outlined above. The tin ion may 
be precijiitated from the first soluWou by means of hydrogen sulphide, 
after decomposition of the oxalic acid by means of potassium 

24 
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permanganate, or it may also be separated as tin sulphide by treating 
the solution with ammonia and ammonium sulphide and then adding 
acetic acid. 

7. On add\pg a saturated aqueous solution of hydrogen sulphide 
to a solution containing pentavalent arsenic and antimony ions (which 
has been acidified with hydrochloric acid), and then passing a current 
of air through the liquid for a few minutes in order to remove the 
excess of hydrogen sulphide, the precipitate will contain the whHo 
of the antimony as pentasulphide, but no arsenic. The latter may 
subsequently be precipitated by heating the filtrate to 70^^, and 
introducing a cuiTont of hydrogen sulphide (Bunsen). 

8. In Sec. 89, 12, and Sec. 91, 12, it is stated that in Marsh’s test 
spots and a mirror may be produced both by arsenic and antimony. 
To differentiate them it may be noted that the spots deposited from 
a flame upon a cold surface by arsenic arc brownish-black and more 
lustrous, whilst those produced by antimony are dull and deep black. 
Arsenic stains may also be readily distinguished from antimony 
stains by treating them with a freshly prepari'd solution of sodium 
hypochlorite i and sodium chloride (made by adding sodium car- 
bonate to a solution of chloride of lime, and filtering the liquid), in 
which arsenic stains dissolve immediately, whilst antimony stains 
are insoluble or only dissolve after a considerable time. 2 Another 
method of identifying arsenic stains is to heat them with a few 
drops of concentrated hydrochloric acid. They dissolve as arsenic 
acid, which may be readily detected by means of ammonium molyb- 
date (see Sec. 90, 9 (Deniges)). 

The methods described in Sec, 91, 12, and 89, 12, arc quite sullicient 
for distinguishing between an arsenic mirror and an antimony 
deposit, but in many cases will not permit of the certain detection 
of arsenic when present in admixture with antimony. Tiie best 
method of arriving at a certain conclusion in such cases is as follows : — 

The long tube, through wdiicli is pas.scd the gas to be subjected 
to further tests, is heated to redness in several places, so as to obtain 
as pronounced a metallic mirror as jiossible. A very weak current 
of dry hydrogen sulphide is then pa.s8cd through the tube, and the 
metallic mirror heated by means of a Bunsen burner, starting from 
its outer edges. In this way, when only arsenic is jiresent, yellow 

^ According to Vaubcl and Knocko {Zeitsek. anal. Chem., 55, 512) antimony 
Btains are soluble in hypochlorite solution which has been kept for some time. 

* Bismuth stains, which may bo oUaiuocl when bismuth ])reparation8 are 
tested directly in Marsh’s apparatus, ' wo insoluble in sodium hyposulphite 
solution (B. r. Cladwell, Zeituch. anal. C'nem., 48, 554). 
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arsenic sulphide is formed in the tube, whilst when only antimony 
is present, orange or black antimony sulphide is obtained, but if 
the metallic mirror consisted of arsenic and antimony, both sulphides 
are produced, but in such a way that arsenic sulphi(ie, as the more 
volatile, is invariably formed before the less volatile antimony 
sulphide On now passing dry hydrogen chloride through the 
tube, which contains arsenic sulphi(b‘, antimony sulphide, or both, 
bat without applying heat, no change will be observed if only 
arsenic sul|»lii(h; is present, even when the gas has passed over the 
8ulphid(! for a long time. If only autijriony is present, everything 
will be volatilised from the tube, and if the current of gas is con- 
ducted into water, antimony chloride may be readily detected in the 
latter by means of hydrogen sulphide'. Jjastly, if both arsenic and 
antimony are pivsent, the antimony sulphide soon volatilises, 
leaving the yellow arsenic sulphide behind. (,>n introducing a little 
ammonia solution into the tube, the arsenic sulphide will be dis- 
solved, and so may easily be distinguished from separated sulphur. 
These various n'actions wln'ii usi'd in (‘ombination never fail, accord- 
ing to the e,\[)erini('nts of II. Fresenius, to detect the ])resence of 
arsenic. The following method for distinguishing between the 
deposits also depends upon the same chemical processes. The 
deposit is obtained on a glass plate and moi.stened with ammonium 
sulphide solution, whi(di is then evaporated with the aid of heat, 
and tin; glass placed, with the deposit downwards, over a beaker 
containing fuming hydrochloric acid. If only antimony is present 
the orange-coloured residue will disappear, whilst in the presence of 
arsenic yellow arsenic suljihide will be left (.J. T. Anderson). 

9. Antimony and arsenic may also be separated by the following 
methods, when present in the form of a mixture of their hydrogen 
compounds: (a) The ga.ses, mixed with excess of hydrogen, arc passed 
through a rather wide glass tube containing pieces of potassium 
hydroxide for a layer of at least 10 cm. The potassium hydroxide 
decomposes the hydrogen aiitimonide, and consequently the glass 
becomes coated with a lustrous metallic film, whereas the hydrogen 
arsenide remains practically undecomj)osed, and may, therefore, 
be easily detected in the gas (free from antimony), which leaves the 
tube, by the formation of spots or rings (Sec. 89, 12), or by its action 
on a solution of silver nitrate (Dragendorff). (6) The gas, mixed 
with excess of hydrogen, is passj^ through a tube containing frag- 
ments of glass moistened with dfute lead acetate solution to remove 
hydrogen chloride and hydrogen sulphide, and is then conducted 
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in a slow current into a solution of silver nitrate. The antimony 
contained in the gas is precipitated almost completely as black 
silver antimonide, Ag 3 Sb, whilst the arsenic causes reduction of 
the silver, is dissolved as arsenious acid, and may be detected in 
the solutioii as silver arsenite by the careful addition of ammonia 
solution, or by means of hydrogen sulphide after precipitation of the 
excess of silver ion with hydrochloric acid. But since some antimony 
is invariably dissolved, t he precipitate, produced in the solution by 
means of hydrogen sulphide, must not be regarded as arsenic sulphide 
without a conhrmatory test. This test may be made as described 
in Sec. 1)2, 2. The antimony is most readily detected in the pre- 
cipitated silver antimonide (which is often mixed with mucli silver) 
by boiling the precipitate with water until arsenious acid and silver 
nitrate are completely removed, and then heating it to boiling point 
with tartaric acid and water. Only the antimony then di.ssolves, 
and may easily bo detected by means of hydrogen sulphide in the 
solution after acidif'cation with hydrochloric acid (Jjassaigne, A. W. 
Hofmann), (c) A slowly evolved current of the gas is conducted 
through a mi.xture of 2 c.e. of silver nitrate solution (1 part of silver 
nitrate, 21 parts of water), 2 (•.(*. of c.oiu^entrated nitric acid, and 
8 to 10 c.c. of water. When the resulting black precipitate subsides 
in the liquid the reaction may be regarded as complete. An excess 
of bromine water is then introduced into the small flask containing 
both liquid and precipitate, or hydrochloric acid is added, together 
with so much potassium chlorate that a large excess of chlorine is 
present, and the liquid filtered after sonui time. The filtrate is 
treated with tartaric acid, ammonium chloride, and excess of ammonia 
solution, the arsenic (now present as arsenate ion) j)reci])itatcd as 
ammonium magne.sium arsenate (Sec. 90, 8), and filtered off after 
standing for some time, the filtrate acidified with hydrochloric acid, 
and the antimony ion precipitated with hydrogem sulphide 
(E. Reichardt). (If the liquid, brought into contact with ziiv and 
sulphuric acid in the methods (f/), {h), or (c), also contained tin ion, 
this will be separated in metallic form by the continuous action of the 
zinc. If, therefore, the zim solution is decanted, the residue heated 
with hydrochloric acid, the solution filtered and the filtrate treated 
with mercuric chloride solution, the presence of tin ion is indicated 
by the formation of a precipitate of mercurous chloride), {d) When 
a solution containing trivalent (but not pentavalent) arsenic ion is 
introduced into an apparatus in wl^jch hydrogen is evolved from an 
alkaline solution (c.r/. one containing potassium hydroxide solution 
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and arsenic-free aluminium foil or wire), and tlic gas is conducted 
through silver nitrate solution, a blackening of the liquid is distinc- 
tive of arsenic, since hydrogen antimonide cannot be formed under 
these conditions, (e) When hydrogen arsenide or* antimonide is 
brought into contact with pure filter ])aper which has been moistened 
with a solution of silver nitrate, the moistened parts of the paper 
are coloured. If, as directed by Gutzeit, a solution containing 
1 part of silver nitrate in 1 part of water is used, hydrogen arsenide 
produces a lemon-yellow stain, which becomes black when a drop 
of water is applied, whilst hydrogen antimonide produces a dark 
brownish-red to black .stain at the edges of the place which has 
been moistened with silver nitrate solution. Th(‘. inner portion 
either shows no coloration or, at most, a pale grey one. Paper 
moistened with dilute (c //. 1 ; 4) silver nitrate .solution is stained 
black by both ga.ses. These reactions (in using which it is nece.ssary 
to bear in mind that hydrogen sulphide and ])hosphide produce 
similar coloration.s) have f>c(*n u.sed in various modifications and 
subjected to dillerent criticisms ; for examph‘, Rit.sert recommends 
the use of an ammoniacal solution of silver nitrate. Paper moistened 
with such a solution becomes dull brown to black on contact with 
the slightest trace of hydrogen arsenide. The reaction is not 
affected by steam or acid vapours, or by the action of the paper, 
but the jire.sence of hydrogen sulphidi^ or phosphide interferes with 
it, as does also hydrogmi antimonide, which last, also jiroduces brown 
or black .stains. A complete summary and critical examination of 
the, sc methods has been made by U. Beckurts,! to which reference 
may be made. (/) On moistmiing pure filter paper with a drop of 
a saturated alcoholic solution of mercuric c,hlorid<\ allowing the 
liquid to evaporate, r('])eating this treatment four or five times, and 
bringing the paper thus pre[)ared into contact with hydrogen 
arsenide, a pale yellow stain, changing to orange on continuing the 
action of the gas, is obtained. Hydrogen antimonide, when present 
in minute quantity, has no effect, but in larger amounts produces* 
a brown to greyish-black .stain. If the stain has been derived from 
both hydrogen compounds, it is pos.sible, if not too much hydrogen 
antimonide has acted on the jiaper, to detect that produced by 
hydrogen arsenide by cutf ing tlie spot out of tlie paper and moisten- 
ing it on a clock-glass with a drop of 74 per cent, (by weight) alcohol. 
The colour produced by hydro^^en antimonide will di8a]>pear after 

1 Pharm. Zcnlmlhnllc, 25, 107, 200, 223 ; cj. also Oot.thelf, Zciisch. anal 
Chem., 44. 258 ; iStraii.ss, Ihid, 45, OOO ; Kirkby, Ibid, 46, 477. 
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standing for some time, and allow the yellow coloration produced 
by hydtogen arsenide to be recognised (Fliickiger, Lohmann ^). {g) A 
combination of methods (c) and (/) is recommended by P. H. Conrad- 
son {Zeitsc\ cuJal. Chem., 39, (155). He uses filter paper, impregnated 
with (1) lead acetate, (2) silver nitrate, (3) filter paper saturated 
with mercuric chloride, and (1) filter paper upon whicli iwiy drops of 
nitric acid of sp. gr. P2 have been placed and two drops of potassium 
iodide solution introduced into the middle of the nitric acid staiR 
Hydrogen is evolved in the manner described in Sec. 89, 12, tested 
for purity by means of papers 1 and 2, and the substance under 
examination added. After the absence of hydrogen sulphide has 
been proved by means of 1, the paper 2 is used for testing whether 
arsenic or antimony ions are present. If a positive reaction is 
obtained, the test paper 3 will give a lemon-yellow stain, gradually 
becoming yellowish-brown in the })rcsencc of arsenic. Antimony 
gives a grey-brown stain without any yellowish tone. If a stain of 
this colour ivithoui yellow edges is obtained immediately, it may be 
considered a proof of the absence of arsenic ion. If antimony ion 
has not been detected in this last test, a further test is made with 
paper 4, which, in the presence of antimony, becomes yellow to 
orange-red in colour. 

10. Finally, the attention of chemists who are expert in flame 
tests may be directed to the method of Bunsem {Zeilscli. (dikL Chem., 
5, 378), which enables all three elements to be identified in the 
precipitate of the sulphides by means of flame reactions and blow- 
pipe tests. 

11. Stannous and stannic compound << may be detected in the 
presence of each other by testing one portion of the solution (con- 
taining both substances) for stannous ion by means of jnercuric 
chloride, auric chloride, or a mixture of potassium ferricyanide and 
ferric chloride, and a second portion (which must contain very little 
free acid) for stannic ion by pouring it into a boiling solution of 
sodium sulphate. 

12. Trivaleni anthnonij ion may be detected in the presence of 
penlavalent antimony by means of the reaction given in Sec. 91, 11. 
Penlavalent antimony may be detected in the presence of trivalent 
antimony by treating the oxide, which must be free from other 
substances, with hydrochloric aci^^ and potassium iodide (Sec. 91, 

^ CJ. Dowzard, Zeitsch. amil. 6'Ae/n.;'*43, 415; Perkin and Goodo, Ibid., 

50 , 508. 
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2 and 3), or by treating the solution with sulphuric acid, cooling it, 
and adding a drop of a solution of diphenylamine in concentrated 
sulphuric acid, whereby in the presence of antimonate ion the liquid 
assumes a deep blue colour. This reaction, howevgr, is only dis- 
tinctive of antimonate ion, when the ions of other substances which 
give a similar coloration with diphenylamine, such as nitric acid, 
chromic acid, etc., are not present. 

13. Arsenite and arsenate ions may be distinguished from each 
other in a solution by means of silver nitrate. If the precipitate 
contains silver arsenate and much silver arsenite, the former can only 
be detected by adding extremely dilute nitric acid drop by drop, 
whereby the yellow silver arsenite is dissolved first. For the detec- 
tion of even fairly small quantities of arsenate ion in the presence 
of arsenite ion, magnesia mixtme (Sec. 90, 8 i) is also a suitable 
reagent. Trivalent arsenic may also be detected in the presence of 
pentavalent antimony by the fact that in a moderate solution it 
gives a precipitate at once with hydrogen sulphide with the aid 
of heat, which is not the case with pentavalent arsenic, as also 
by the fact that only trivalent arsenic forms hydrogen arsenide, 
when introduced into a solution of sodium hydroxide acting upon 
aluminium. It may also be easily detected by the reduction effected 
in an alkaline solution of a cupric salt by trivalent arsenic, as well 
as by the fact that on boiling an ammoniacal solution of a silver 
salt in presence of arsenite ion metallic silver is precipitated. 

If the degree of sulphonation of the arsenic in a sulpho salt is 
to be determined, the alkaline solution (from which any sulphur 
present has been extracted by means of carbon bisulphide) is boiled 
with bismuth hydroxide and filtered from the bismuth sulphide, 
and tests for arsenite and arsenate ion applied to the filtrate. Arsenic 
trisulphidc may be distinguished from arsenic pentasulphide by first 
comjdetely extracting any sulphur present by means of carbon 
bisulphide, dissolving the residue in ammonia solution, immediately 
adding an excess of silver nitrate solution, filtering off the silver 
sulphide, and noting whether silver arsenite or arsenate is produced 
on adding nitric acid to the filtrate. In the case of these last tests, 

^ According to our oxirorionco tho objections which Lutz and Swinne 
{ZcitscL anorg. Chem., 64, 208) and Briinnich and Smith {Ibid., 68, 292) have 
brought against these methods of detecting ursonato ion in the pi'osence of 
arsenite ion aro only applicable to cases where a precipitate is first formed 
afU'r several hours, since arsenite i<i'i under such conditions also gives a very 
small crystalline precipitate. In 111 cases in ordinary (jualitativo analysis 
the methods may bo regarded, as heretofore, os absolutely trustworthy. 
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however, it should be noted that some of the arsenic may be found 
in the bismuth sulphide as well as in the silver sulphide (Waitz). 

14. Gold and j)latmmn iom may be separated from tm and antimony 
ions (apart frovA the method of heating the sulphide in a current of 
chlorine, as described in the systematic course, or in a current of 
air after admixture with ammonium nitrate), by boiling tho'solution 
with excess of sodium hydroxide solution and chloral hydrate. 
The resulting precipitate contains the whole of the gold and platinum 
and is free from the other metals. 

Gold and })latinuni may also be precipitated by means of sodium 
hydroxide and a hydrazine salt, whilst arsenic, antimony, and tin 
ion remain in solution. The solution under examination (containing 
about 1 grrn. of substance) is poured into a mixtun^ of 40 c.c. of 
20 per cent, sodium hydroxide solution and 20 c.c. of a cold saturated 
solution of hydrazine sulphate (or 5 e e. of hydrazine chloride 
solution 1:5), the liquid slowly heated to boiling point, diluted 
with twice its volume of water, cooled, and filtered (Knoevenagel and 
Ebler, Ber,, 35, 3055). 


Special Reactions of 'iiie Rarer Members of the 
Sixth Group. 

Sec. 93. 

1. Iridium, Ir, 1031. 

IndruM, which is associated with tlu; meinl)ers of the sixth group ol 
more frequent occurrence"- the noble metals ' — is dimlrnl, trivahnt, and 
tetraralenf. The compounds of tlio divaU-nt ion arc very unstable. 
Iridium has a slight tendency to form cations ; on the other hand, it com- 
bines with chlorine to form complex anions, \vV\"\ and Iridium 

occurs in combination with i)Iatinum and other metals in platinum ores, 
especially as osmium-iridium. It has of recent years been used in alloy 
with platinum for ciucibles, etc. 

1. Iridium is a metal resembling platinum, but is brittle; it is extremely 
difficult to melt (melting point 2200''), and has a specific gravity of 22 ’4. 
In the compact form, or when reduced by hydrogen at a red heat, it is 
not soluble in any acid, even ayna regia. (Distinction from gold and 
platinum.) When reduced by the wet method, however, as for examine 
by means of formic acid, or when alloyed with platinum, it dissolves in 
aqua regia, in the form of ions of iridic chloride (tetrachloride), IrCl 4 . It 
is oxidised, but not rendered soluble, hv fusion with potassium hydrogen 

‘ With regard to its detection in tho\me8ence of other platimiiii metals, 
' see Sec. 86. 
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sulphate. (Distinction from rhodium.) When fused with sodium 
hydroxide in the presence of air, or with sodium nitrate, it is oxidised. 
The resulting sodium compound — a derivative of iridium sesquioxide, 
IrgOg — is partly soluble in water. When heated with cKj^ua regia it dis- 
solvei?, forming a blackish-red solution, which contains the ions of sodium 
iridic chloride, NaJr('l,j. 

2. On treating a mixture of jwwdored iridium and sodknn cMonde, 
heated to incipient redness, with gaseous chlorine, .sodium iridic, chloride 
formed ; this dissolves in water to form a dee[) reddish-brown solution. 
{a) Potassium hydroxide added in excess to this solutifui change's the colour 
to a greeiiish shade, while a little brownish-black potassium iridic chloride 
is simultaneously ])recipitatcd. (/>) On heating the solution and exposing 
it for some' time; to the air, it becomes lirst reddish, then violet, and finally 
blue, owing to the absorption of oxyge'U and formation of iridic hydroxide 
(Claus), ((diaraeb'ristic distinction from platinum ion.) (c) On evapo- 
rating th(' solution to dryne.ss and treating the residue with water, an 
insoluble blue deposit of iridic oxide, IrO.,, is left, w'hilst the liquid is 
colourless. 

11. On (r('ating with concentrated hydrochloric acid iridic eliloride, as 
olitained by repeatedly evajiorating ammonium iridic chloride with aqua 
regia, and finally with h^'-drocliloric acid, a dark brown .solution is obtained. 
fSolutious of iridic, chloride behave as follows : - - 

4. On heating an iridii; chloride solution with .sulphuric acid until acid 
funu'S escape, and treating the residue with boiling water, a chair solution, 
which is usually grci'ii, but sometimes blue or violet, will be obtained, 
(u) If this solution is neutralised wath jndassium hydioxtde, and boiled for 
fifteen to twTuty minutes, finally aftiT the addition of potassium hydroxide 
in excess, an oxide will be precipitated ; this is soluble in dilute sulphui'ic 
acid, forming a briglit violet solution, {b) If ammonium nitrate is intro- 
duced in small jiortions after fumes of sulphuric acid have ceased to bo 
evolved, when the indium salt has Ix'en heated with that acid, and with- 
drawn from the flame, there is jiroduced a blm^ (.sometimes emerald-green) 
mass, which, if the operation is slopped Ix'fon; all the ammonium nitrate 
has been added, will dissolve in water to form a blue solution. The 
presence of other jilatinum metals naturally influences the sensitiveness of 
the r('action. 

T). On heating iridic chloride directly with successive quantitie-s of 
ammonium nitrate and ammonium chloride, there will be produced, not a“ 
blue, but a pink mass, from which a pink pow'der may be separated by 
treatment w ith a very little water (Lecoci de Boisbaudran). 

6. Hydrogen .sulphide at first produces an olive-green coloration in 
solutions of iridic, chloride, iridous ion, Tr— , being formed, whilst sulphur 
separates ; sub.sequcntly brown iridous sulphide, li'oSg, is precipitated. 

7. eUnnurnium .sulphide precipitates the same compound, which dis- 
solves readily in excess of tlu^ preci|)itant. 

8. On treating a solution of iri^dic c'foride with .sodium hydroxide and 
sodium hypochlorite or hypobromile, blue iridic o.vide. will bo precipitated. 
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This is a very ciiaracU^-iatic reaction (Mylius and Mazz.ucchelli, Zeitach. 
anorg. Cheni., 89, 14. Vide supra 2 {b) and (r,)).' 

9. I^otassium chhwidc precipitates potassium iridic chloride, KjIrClg, 
as a crystalline blackisli-red powder, which is insoluble in a concentrated 
solution of pot/tssium chloride. 

10. Ammonium chloride precipitates ammonium iridic chloride from 
concentrated solutions in the form of a blaekish-red powder, colisisting of 
microscopic oetahedra, insoluble in concentrated ammonium chloride 
solution. In the presence of platinum ion the prceipitat(^ is red. TfuS 
may easily cause confusion with palladium, rhodium, ruthenium, and 
osmium ions (Mylius and Mazzucchclli, loc. cit.). 

11. Ammonium or potas.sium iridic chloride becomes olive-green, especi- 

ally in hot solution, on the addition of potassium nitrite, while ammonium 
or potiUisium irulous chloride is formed : IrtT'g j rrC'r^c f NOo ; for 

example, KaIi<'la+KN 02 =K 3 lr('le [-NOo ; on cooling the liquid the double 
salt crystallises. When the green solution is heated or eraporaled with an 
excess of j)fdassiiLm nitrite it becomes jellow, and on then boiling the 
liquid a v'hite compound, very sparingly soluble in nater and hydrochloric 
acid, is precipitated. (Essential distinction and method of separation 
from platinum ion. Gibbs.) 

12. On dissolving ammonium iridic, chloride by boiling it with watiT, 
and adding oxalic acid, reduction to ammnninm iridous chhwide takes place, 
so that the solution remains clear when cooled. (Distinction from 
platinum ion. C. Lea.) 

13. On boiling a solution of iridic chloiidc with stannous chloride, 
adding excess of potassium hydroxide, and heating the liquid, a leatyr- 
coloured precipitate is obtained. 

14. Ferrous sulphate, oxalic acid, sulphur dioxide, hydrogen jwroxide, 
and alkali ^ or hydroxylamine,^ do not precipitate iridium from a solution 
of iridic chloride. (Method of separating iritlium ion from gold ion.) 

I.'). Zinc precipitates black iridium. 

16. According to Quennessen, meujnesium also produces a precipitate 
(probably an oxide), which becomes blue at 10(E. It dissolves in sulphuric 
acid and also in acetic acid to form solutions, the colour of which varies 
according to the temjDcrature to which the precipitate was heated {Bull. 
8oc. Chim., (3), 33, 87.5 ; Chem. Zentr., 1905, 1 1., 854). 

17. Acetylene does not precipitate iridium from solutions of its salts. 

‘ (Distinction from palladium ion. Makowka, Zeitsch. anal. Chem., 46 , 147.) 

' In the case of solutions of platinum salts, the beat method of applying 
the test is t<> make the solution very dilute, to add sodium carbonate until it 
is slightly alkaline, to heat it to 100®, and, after cooling, to treat it with a very 
little slightly alkaline sodium hypobromite solution. If much platinum is 
present, the liquid must bo heated to cause the iridic oxide to 8eparati\ Pure 
dilute platinum chloride solution does not give a precipitate, although the blue 
precipitate invariably contains platinum ; if the latter was present with iridium 
all other heavy metals, except gold, will 1 c simultaneously precipitated. 

* Vanino and Seeman, Ber., 32, 1968.\ 

* Jannasch and Mayer, Ibid., 38, 2130. 
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18. If iridium oxide is suspended in a solution of 'potassium sulphite, 
the liquid saturated witli sulphur dioxide, and then boiled until all free 
sulphur dioxide has beeji expelled, the evaporated water being meanwhile 
renewed, the whole of the iridium oxide will be converted into insoluble 
iridium sulphite (whilst any platinum oxide present will reAain in solution 
as potassium platinosulphite). (C. Birnbaum.) 

19. Wiieii ignited with sodium carbonate, iridium compounds yield in 
the upper oxidising JInme a deposit of metal, v\hieh, wlien triturated, is 
^T:y, non-Iustrous, and not malleable. 

20. When a partly dehydrated borax bead is moistened with a dilute 
iridium solution and again f\ised to a clear bead, tlu' latter appears light- 
brown, but, in oontradistinetmn to ])latinuni, dues not appear turbid by 
reflected light. 

21. Iridium compounds show the igmlton reaxiion" {cf. Sec. 85, 14). 

22. Witli regard to the mirrochenucal ddechon of iridium, sec Behrens- 
Klcy, Mikror/temische Anahf-'^e, 3rd ed., p. 165. 


8 IOC. 94. 

2. Germanium, Qo, 72’r). 

1. (iermanium is divalent and tetravalcnt. Hitherto it has only been 
found in small quantity in argyrodite and euxenite, and in niobium and 
tantalum minerals {e.g. samarskite, fergusonite, niobite, gadolinite)„ It 
combines with oxygen to form two oxides, the monoxide [germarums 
oxide), (leO, and the dioxide {germanic oxide), GCO 2 . On reducing its 
oxides in a current of hydrogen, it is obtained as a powder, which can be 
fu.'^ed with borax into a greyish-white lustrous metallic button. This 
has a specific gravity of 5 469, is easily friable, and does not alter in the 
nir. it melts at about 900°. Germanium volatilises at a bright red heat, 
and forms a sublimate consisting of small crystals. It does not dissolve 
in hydi'ochloric acid, but is eonvertiHl by nitric acid into white germanic 
oxide, and by hot concentrated suljihuric acid into a white sulphate, 
soluble in water, while sulphur dioxide is evolved. The metal is readily 
soluble as chloride in aqua legia. Goncentrated potassium hydroxide 
solution does not dissolve it, but on fusion with potassium hydroxide it 
yields potassium germanite, the reaction being of an explosive character. 
In its general chemical behaviour germanium forms a transition stage 
between silicon and tin, which is also in accordance with its position in the 
periodic system. 

2. Germanic oxide is formed by the combustion of the metal in oxygen, 
by the spontaneous oxidation of germanium sulphide, by treatment of 
the metal with nitric a(;id, decomposition of the chloride by means of 
water, etc. It is a compact, white powder, dissolving with difficulty in 
water, and showing a considerable tendency to be converted into the 
colloidal condition. It can be her*xd to bright redness without undergoing 
alteration. Its aqueous solution has an acid reaction, and therefore 
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presumably contains anions with the formula GoO'^a. Germanic oxide 
dissolves readily in alkali hydroxide solutions ; it also dissolves, though 
with difficulty, in acids, cations Ge**” being formed. When fused with 
alkali liydroxides and carbonates, it is converted into water-soluble 
compounds.^' '' 

3. Gernmnic chloride, GeCl 4 , is obtained by heating the metal or its 
sulphide in a current of chlorine. It is a thin colourless liqihd, which 
boils at 86°, and is volatile even at the ordinary temperature ; it is decom- 
posed by water witli the formation of oxide, which is partly precipitated. 
On acidifying an aqueous solution of the chloride with liydrocliloric acid 
and evaporating the liquid to dryiu'ss, the chloride is completely volatilised 
(C. Winkler). 

4. Hydrogen sidjdiide ])roduces a voluminous white precipitate of 
germanic .sulphide, GeS^, in acid solutions of the .salts of tetravalent ger- 
manium j the prccijiitation is only complete in the pre.sence of a con- 
siderable exc*ess of a strong acid. Germanic sulphide is somewhat soluble 
in water, and in hydrogen sulphide watc'r, so t hat it cannot be washed with 
the latter. Hence, to obtain it in pure condition, it must bo washed first 
with hydrochloric acid or sulphuric acid saturated with hydrogen sulphide, 
then with alcohol saturated with hydrogen sulphide, and finally with ether. 
When dried it is a soft white powder. On heating it in a current of carbon 
dioxide, a characteristic odour recalling that of acrolein is produced, while 
the sulphide becomes yellow or greyish-yellow and diminishes in quantity. 
When heated to bright redness it volatilises. Germanic .snljihide is readily 
soluble in annnoniimi sulphide solution, foiming salts of a very stable 
sulpho acid. On adding a suffi(;ient exce.s.s of acid, it is precipitated (un- 
changed) from this solution as a irhile precqnlate, ('flus is a characteristic 
reaction.) When it separates in admixture with sulphur it may easily be 
distinguished from the latter by the fact that it dissolves on washing the 
precipitate with water. It may be separated from sulphur by treatment 
with ammonia solution, whereby only the germanic sulphide is dissolved. 
On then acidifying this solution, it separates as a characteristic voluminous 
precipitate*. If arsenic sulphide or antimony sulphide is also present, 
cither of these may lirst be precipitated from the ammoniacal solution by 
adding acid drop by drop. The liquid is then filtered, and white germanic 
sulphide precipitated by adding an excess of acid to the filtrate.' Germanic 
sulphide is also readily soluble in potassium hydroxide or ammonia solution, 
^t is dissolved by aepia regia, with the separation of sulphur. Nitric acid 
converts it into a mixture of an oxide containing sulphuric acid and sulphur. 
When germanic sulphide is heated in a current of hydrogen, brownish-red 

' For the separation of germanium from antbnony and tin, the sulphide 
precipitate may be treated with ammonium carbonate solution, which dissolves 
only the germanic sulphide. It may be .separated from arsenic sulphide, which 
dissolves with the germanic sulphide, by distilling the hydrochloric acid solution 
in a current of chlorine or after the addition of potassium chlorate or perman- 
ganate (Buchanan, Chem. Zenlr., 1918, 73). For the complete separation 

of arsenic the distillation temperature must be raised to over 108° (up to 116°) 
(P. E. Browning and S. E. Scott, Chem. Zenlr., 1918, 1., 948). 
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germanous sulphide, (leS, is formed, while hydrogen sulphide is liberated. 
On continuing the heating the germanous sulphide is partly reduced to 
germanium. 

6. Ziiic slowly precipitates the metal from solutions of germanium salts 
in the form of a dark blown pasty deposit. 

6. When heated on charcoal in tlu' reducing llamo of the bl<nrpi 2 )e 
without the addition of alkali, germanium oxide yields a metallic button, 
with the simultaneous formation of a wliite deposit of oxide. 

««7. Borax and alkali 2 >kosp}iatt dissolve germanium compounds readily 
both in tiu'- oxidising and reducing llame, to form beads which are colourless, 
both while hot and cold, and arc not changed when heated with tin. 

8. N o)i-lumimms Jlamcs are not colouied by germanium compounds. 

9. Mmall quantities of germanium in aigyritc may easily be dek'cted 
by heating the mineral in an atmosphere of hydrogen sulphide or of coal 
gas. In this way a subliinato rcsi'inliling antimony sulphide is obtauied ; 
this shows very characteristic forms under the micioscoiie, and may be 
subjected to further tests by the wet method (Haushofer ’). 

8ec. 95. 

3. Selenium, Se, 79 2. 

1. Bi'knium is diralcnty hlraralrnty and lu.cavah nl. It is of rare occur- 
rence in nature in tlu; form of metallic sclenides, but is fu'quently jiresent 
in small cpiantitics in numerous jiyntcs, and is, therefore, also found in 
Hidphuric and hydrochloric acids. In accordance with its position in the 
periodic sysUmi, selenium closely resembles sulphur on the one hand and 
tellurium on the other in its chemical behaviour. Elementary sek'jiium 
exists in several nuKlilicatioiis, the specific graxity ot which ranges from 
4'27 to 4’8. It melts At 211". kSelenium which has been fused is greyish- 
black, volatile at biglier temperatun's, and sublimalile ; when heated in 
the air it burns, emitting a characif rist ic odour Hcallnaj that of dccomposimj 
radishr.‘i, and forming sek'iiium dioxide (selenious anliytlride), IScOg. The 
vitreous modilication, a-selemuin, dissolves with dilUculty, but completely, 
in carbon bisulphide ; the red modilication, /kseicnium, is still less soluble, 
and metallic or y-seleiiium is hardly, if at all, soluble in that medium. On 
contact with mercury the solution yields black mercuric selenide, HgiSe. 
Cold coiiceiitrakid sulphuric acid dissolves selenium, without oxidising it, 
to form a dark green liquid (a .seiisithm reaction), from w Inch on dilution 
the 'lelenium separates in red flakes. When boiled with concentrated 
sulphuric acid, selenium is oxidised and dissolves as selenious acid ; it is 
also dissolved as selenious acid by nitric acid and by aqua regia. When 
heated in a current of hydrogen, selenium forms gaseous hydrogen selenide, 
HjSe, w hich resembles hydrogen sulphide in its reactions. 

2. Selenium dioxide, SeOg, is a solid hygroscopic substance, which is 
converted at about 2(XE tk into dark yellow gas, and yields a white 

‘ Silzunghr. Munch. Akad., 1887, 133 ; Chem. Zenir., 1888, 867. 
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sublimate of white quadrilateral needles. Sekniovs acid, HjSeOg, forms 
crystals resembling nitre. Both of these compounds dissolve in water, 
forming strongly acid liquids. 

3. Of the neutral mits only those of the alkalis are soluble in water ; 

the solutioMs hhve an alkaline reaction. Most of the selenitcs are readily 
soluble in nitric acid, but the lead and silver salts dissolve with difficulty. 
The hydrogen sclenites (biselcnites) are solubh' in watm*. t 

4. Ili/droyni bulphv/r (in the presence of hydrochloric acid) produces 
in a solution of sclenious acid or its salts a precipitate {yellow in the coid, 
and reddish- yellow on heating), consisting of a mixture of finely divided 
selenium and sulphur, which is soluble in amwoninm .sulphide solulion. 

5. Beuiiuu chloride produces (after neutralisation of any free acid 
present) a white precipitate of barium .selcmte, whicii is soluble in hydro- 
chloric or nitric acid. 

6. Reducimj ayeuts ^ readily clfect a separation of elementary selenium. 
For cxampl(‘, .sulphur dioxiib juecipitati's from acid solutions, including 
those in sulpliuiic acid (distinction from tellurium), a Jlocruteut red pre- 
cipitate of selenium. In like manner hydrazine sulphate ])iecipitates 
selenium, but not Icllurium, from a tartaric acid solution (Pcilini, Zeitsch. 
anal. Chem., 50, 521). Stajiuou.s ehlonde produces a jiiccipitatc of the 
same character both in hydrochloric and sulphuric acid sohitioii.s. Acftylene 
is also a very suitalilc reagent, since it rapidly jirecipitatcs very small 
quantities of selenium from the solutions of lioth kdra valent and Jiexa- 
valent selenium (whudi latter, for example, are only slowly reduced by 
sulphur dioxide) (Joiive, Chem. Zentr., ItJOJ, 1., 1380). F( rmus sulphate 
precipitates selenium rapidly and completely fiom stiongly (li}droehlone) 
acid solutions. (Distinction from tellurium.) (Keller, Chem. Zndr., 
1897, If., 1092 2.) Metedlir ce>pp(r. when introduc'd into a liot hydro- 
chloric acid solution containing sch'iiious acid, is immediately coated with 
a black deposit. If the liquid is allowed to stand for some time over the 
copper, it becomes light red, owing to the separation of selenium (Beinsch). 
Sclenious acid thus behaves towards reducing agents in a mariner very 
similar to that of sulphuious acid, but is oxidised with much more difficulty 
icf. 9). 

7. Meujnesia rmjture gives with sclenious acid, usually after some 
time, a crystalline colourless precipitate of magiu'sium selenite, which 
is insoluble in acid.s (Hilger, v. GeriehUm). 

« 8. Codeine and sidphuric acid give a green coloration with seleiiiouB 

acid. I’his is a sensitive reaction, suitable for the detection of small 
amounts of selenium in sulphuric acid (Ernst ►Schmidt, Chem. Zeidr., 1914, 
II., 894). 

9. Selenium trioxide (sclenic anhydride). SeOg, is formed on treating 

^ With regard to the ditTerentiation of hydrogen selenide and hydrogen 
arsenide liberated from an acid solution by means of zinc, see p. .317, fo(;tnote 1. 

2 8ee also Moyer and Jannek (Zeitsch. anal. Chem., 52, 534), w'ho add solid 
sodium iiydrosulphitc, to the s^jghtly acid solution. They also con- 

firm the statement of Heliiilz that petroleum gives a brown coloration with sul- 
phuric acid containing selenium. 
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selenious acid with clilorine or bromine, or by heating selenium compounds 
with alkali rarhonales and nitrates. 3’hc fused mass is dissolved in water, 
the solution is acidified with hydrochloric acid (remaining clear), and is 
then boiled, whereby chlorine is evolved, and the sclenic acid converted 
into selenious acid. * 

10. Seknir. arid, or rather, its ion, give.s with baiium chloride a white 
I)reci])itak‘ of barium sehmate, which dissolves w'ith dilliculty in acids. 

11. Jli/f/rogfH sulphide does not produce a [ireeipitatc in solutions of 
snienii! acid. After boiling the liquid with hydrochloric acid, the rc.sulting 
selenious acid is, of course, jirecipitatcd b}'' hydrogen sulphide. 

12. A sulphune acid solution of indigo is decolorised by selenic acid. 

13. When .selenium or sc'Ionium coinpound.s arc fused with jtotassiam 
cyanide in a current of hydroym, sdtniuin potassi^im cyanide, is formed; 
selenium is )iol sejiarated from this .salt by the action of air (as in the case 
of tellm ium), but is precipitated on boiling tlic solution for some time after 
tile addition of hydroehloric acid. 

14. When examined by Bunsen’s method (p. 88), selenium com})Ound8 
inqmrt a hrujht blue coloration to the Jlame, whilst on volatilisation and com- 
bustion of the vapour the above-mentioned rejmlsivc odour of .selenium 
will bo produc'd. 4’he i eduction jiroduct is briek-red to cherry-red, and 
when tri'ated with eoneen tinted suljihuiic acid gives a dirty green solution. 
The oxide deposit is w lute, and when touehed with a rod dipped in staimous 
chloride solution becomes red, owhig to the separation of selenium. 

15. Sodium .selenide is formed on charcoal sticks, and this, when 
moistened on silver, yields black silver selenide, and on treatment with 
acid produces hydrogen selenide. 

10. When heated with snlphur iodide on a block of gyjisum in the 
oxidation flame of the blowpipe, selenium dioxidi' yields a reddish- brown 
deposit (Wheeler and Liidi'king. Cf also footnote on p. 389). 

1 7 . Wit h regard to the microchcni ical d< lection of selenium, see Haushofer, 
M'lkroskopische. Reaklionen, p. 116; Behrens-Kley, Miktochemischc 
Analyse, 3rd ed., p. 152 ; Heyn and Bauer, Zeitscli. anal. Chem., 50, 506 ; 
Deniges, Chem, Zintr., 1910, L, 487, 


Six’. 90. 

4. Tellurium, Tc, 127 -5. 

1. Tellurium is divalent, telravalent, and he.vavalent. It occurs in the 
elementary condition, alloyed with other metals, and, in small quantity and 
not widely distributed, as tellurium dioxide. The specific gravity of the 
difTerent modifications of elmnentary tellurium ranges from 6‘93 to 6'25. 

Tellurium is a brittle, white metal, which is easily fusible (about 450'’), 
and can be sublimed in a glass tube. When heated in the air it bums 
with a greenish- blue liame, emitting a thick w'hito .smoko of dioxide. 
Tellurium is insoluble in hydrocliAiric acid, but dissolves readily in nitric 
acid, to form tellurium dioxide or nitrate. Powdered tellurium dissolves 
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in concentrated sulphuric acid to form a purple solution, from which, on 
dilution with water, the tellurium is re-precipitated. On heating the con- 
centrated solution it is decolorised, and most of the tellurium sulphate 
formed is precipitated. 

2. Telhp'iuiL dioxide, TcO^ (tellurous anhydride), is white, melts to a 
yellow liquid when heated to incipient redness, and volatilises when strongly 
ignited in the presence of air, but does not form a crystalline ‘ iiblimate. 
It dissolves readily in hydrochloric acid, but less readily in nitric acid and 
dilute sulphuric acid, is easily soluble in potassium hydroxide soluti(ir.’, 
more slowly in ammonia solution, and is practi(‘ally insoluble in water. 

3. Tellurous acid, HoTeOa, is white, appreciably soluble in cold water, 
and readily soluble in hydrochloric and nitric afiids. It is re-precipitated 
from its solutions in acids on the aihlitioii of water. ITaetiiially the whole 
of the tellurium si'parates after some time as crystalline dioxide from the 
nitric acid solution. 

4. AlhiU hydroxHhs and auhonalcs precipitate Icllnroii.^ acid as a white 
precipitate, soluble in excess of the precipitant, from h}’drochloric acid 
solutions of tellurium. 

5. Hydrogen, sulphide produces in aeiil solutions a red preeijniafe of 
tellurium sulphide, TeSj, which rapidly iiuns bunen (tlu; colour resembling 
that of stannous sulphide), and when lu'ated becomes black. Tliis ])ie- 
cipitate readily decomposes into tellurium and .sul})hur, so that possibly 
it may invariably be only a mixture of these two substances. It dissolves 
very readily in anumnium sulphide solution. 

6. Reducing agenl^d ^’iK'h as slauurus chloride or zinc, pn'cipitato 
black nulallic tdlurium from acid solutions. Sulphur diodib and mliuni 
sulphite only precqiitato it in the piesiaice of hydiocbloric acid. If, how'- 
cver, the liydrochloiic acid is com^entrated, ti'llmium is not jaeeipitated 
by sulphur dioxide. (IJisUnction from selenium.) 

7. On heating a solution of tellurous acid m excess of potassium or 
sodium hydroxide solution with dextrose, tellurium is also jirecijatated 
in metallic form (Stolba). 

8. Foroiis sulphate does not precipitate tellurium. (Distinction fiom 
selenium.) 

9. Tellurous acid gives a v'hxle precipitate with magnesia mi:itvrc. This 
precipitate is not crystalline. (Distinction from selcnious acid.) (Hilger, 
V. Gerichten.) 

^ 10. Ihsodiiim hydrogen, phosphate gives a white precipitate, as doi'S also 

barium chloride. 

11. Tellurium trioxide (telluiic anhydride), TeOg, is formed by fusing 
tellurium or compounds of tctravalcnt telluiium with alkali nitrates and 
carbonates. The fused mass is soluble iii water, and the solution remains 
clear when acidified with hydrochloric acid in the cold, but vdien boiled it 

^ Hydrazine svlpJuite does not precipitate tellurium from a slightly acid 
solution containing excess of ammonium.tartratc (distinction from selenium), 
whilst hydrazine chloride precipitates teRuriurn us well as selenium (LVllini, 
Zeitsck arud. Chem., 50, 521). 
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evolves chlorine, tcllurous acid being formed, and it then yiclda a pre- 
cipitate on the mldition of miter, provided that the exceas of acid is not 
too great. On oxidising tellurites with hydrogen peroxide, and adding 
concentrated nitric acid, a precipitate of telluric acid, or its hydrates, is 
obtained. Telluric acid is only a relatively weak acid, an(\ sl/ows a corre- 
spondingly slight resemblance to sulpliuric acid and sclenic acid. 

Only^;he alkali tellurates are soluble in water. 

12. Hydroqen. mlphi^e produces in hot solutions of liejravakvt tellurium 
i 4 )recipitate of the same composition as in solutions of tetravalent tellurium. 
No preripitate is formed in (he eohl. (Means of separating tellurium from 
heavy metal ions. Hrauner and Kuzma, Ber., 40, ,‘1.302.) 

18. When tellurium, tellurium sulphi{le, or an oxygen compound of 
tellurium is fused with pofas.nnm cyanide in d current of hydrogen, potassium 
lelluride is formed. The fused mass is soluble in water, but tlu' whole 
of the tellurium is precipitated from the solution by means of a current of 
air. (Distinction and means of separation frojii selenium.) 

14. If ilnely-powdered tellurium or a tclluritnn ore, e,g. gold tclluride, 
is treated with a little water in a porcelain basin, a little metallic merenry 
inti'oduced, and sodium amalynm added to the latter, the water will imme- 
diately assume a line violet colour, owing to the solution of sodium t(41nridc 
(D, Kiistel). 

in. When e.xamincd by Bunsen’s dry method (p. 88 el seg.), ti llurium 
compounds produce a pale blue coloration in the u])p(T reduction area of 
t he llame, while the oxidation area above appears gre^ n. The volatilisation 
is not accompanied by any odour. The reduction deposit is black, extend- 
ing into a blackish-brown film ; when heated with concentrated sulphuric 
acid, it gives a carmine-red solution. The oxidation deposit is white, and 
hardly perceptible ; when treated with stannous chlorhle, it becomes 
black through the separation of tellurium. 

16. When heated with sodium carbonate on charcoal sticks, telhirium 
compounds yield sodium tellunde, W'hieh, when moistened on bright .silver, 
produces a fdack stain ; and, if much t(41urium is j)re.sejit, emits the odour 
of hydrogen telluri<ic when treated w'ith hydrochloric acid, while tellurium 
is separated, 

17. With regard to the microchemic<d d((ection,f<ec llaushofcr, Mikro- 
skopisrhr Reaktionen, p. 124; Behri'us-Kley, M ikrochi mische Analyse, 
3rd ed., p. 151 ; TIevn and Bauer, Zeitsch. anal, ('hnn., 50, 50() ; Deniges, 
('hem. Zenfr.,]*M{\, \., {Hl. 

For the .separation of sdenium from tellurium, the solution of tellurous 
and selonious acids in concentrated sulphuric acid is heated for some time 
with four times its volume of a moderately strong aqueous solution of 
sulphur dioxide, th(' precipitated selenium filtered ofT, and the filtrate 
heated with hydrochloric acid, with the addition of more sulphurous acid, 
to precipitate the t<*llurium (Divers and Sehimose). Or the sehmium is 
precipitated from a solution in stronfj hydrriehlorie acid by means of sulphur 
dioxide, the filtrate diluted with water, and the tellurium precipitated in 

25 
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the same way (K('ller, Chrm. Zentr., 1000, II., 143). The two elements 
may ttlso^ be separated by means of ferrous sulphate. Cf. also footnote 1 
on p. 384, and See. 95, 6. 

In addition t-o this, a methoil of separating selenium from tellurium may 
be based upon the behaviour of an aqueous solution of the product of 
fusion with potassium cyanide when a current of air is passed through it ; 
tellurium is precij)italed, while selenium remains in solution. 


Sec. 97. 

5. Molybdenum, Mo, 96*0. 

Molybdenum is divaknl, trivalenty Idravedent, jienUmderd, and hexa- 
valent. It is of fairly rare occurronee, and only in moderate quantities, 
principally as sulphide (molybdenum glance) and lead molybdate (yellow 
lead ore). 

1. Molybdenum is white (like tin), hard, and oxidisable when heated 
in the air. It is readily soluble in nitric acid and agva regia^ and also in 
concentrated sulphuric acid. It is exceedingly difficult to melt (at about 
2250'^). Its specific gravity is Od. 

2. Mohfhdanous oxide, Mot), and the sesquioxide, MojOg, are black, 
whilst the dioxide, MoOg, is dark brown or dark violet. All tliese oxides ^ 
when heated in the air or treated with nitric acid are converted into the 
trioxide, mdybdir anhydride, MoOg. This is a jkwous, wliitc mass (becoming 
yellow when heated), which can be distributed as line scales in water, and 
is then dissolved to a .slight extent. It melts at a red heat, volatilises at 
a very high temperature in clo-sed vessels, but even at a red heat in the air, 
and sublimes in tramsparent leaves and needles. When ignited in a current 
of hydrogen, it yields first the oxid(‘ and finally, after long and continuous 
ignition, the metal. Non-ignited molybdenum trioxide is soluble in acids, 
and in solutions of the hydroxides or carbonates of the alkali metals, with 
the formation of salts ; after ignition it can be rendered soluble by fusion 
with alkali carbonate ; it is also readily soluble in ammonia and alkali 
hydroxide solutions. When heated to redru'ss in carbon tetrachloride or 
in a mixture of chlorine and carbon monoxide, molybdenum trioxide yields 
chlorides which can be sublimed (Quantin). 

3. Molyhdie arid, H 2 .Mo() 4 , is white; it di.s.solves uith dilliculty in 
* water, and is preei])itatcd from .solutions of its salts by the careful 

addition of water ; it is soluble in excess of acid. A yidlaio modification, 
H 2 Mo 04 ,H 20 , separates under certain conditions from nitric acid solutions 
of ammonium molybdate on standing. 

4. Solutions containing the ion.s of hexavalent molybdenum are 

* Acid solutions which contain molybdenum ion with valency corresponding 
to these oxides give precipitates with alkali hydroxides, carl)onates, and phos- 
phates, and also with ferro- and ferrieyanidcs. Tho precipitab-s produced by 
carbonates are partly soluble in excess of tho precipitant. Hydrogen sulphide 
and ammonium sulphide have the same action as in tho case of hexavalent 
molybdenum. 
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colourless ; a hydrochloric acid solution becomes coloured, speedily on 
contact with zinc, and immediately when treated with stannon,: chloride, 
ow'inp; to icduction, the coloration heiiif? blue, green, or brown, according 
to the reciprocal propojtions and concentration of the substances. When 
digest'd wit h co/tper a sulphuric acid solution becomes blue, and a hydro- 
chloiic acid solution i)rown. The reaction often only takes place after 
some time. A solution af ferrous snljihate, acidified with sulphuric acid, 
produces a permanent blue coloration in acid solutions. On adding sodium 
ifi/pophospJntc and sulphur dioxide to an acid solution of molyhdic acid, a 
blue pr(‘cipitate or only a blue coloration of the licjuid is ]>roduced, accord- 
ing to th(^ amount of molyhdiaium ])resent. Slight heat accelerates the 
appearajice of the reaction (Mdlard). Many other reducing agents bring 
about reactions analogous to those just described. ^ 

f). If a little concentrated .sulphuric acid is dropped on to a piece of 
indented platinum foil, or if a few' drops of Knlj)huric acid arc placed in a 
porcelain dish, and a small ((uantity of powdered molyhdic trioxide or a 
molybdate is added, the mixture heated untd co])ious fumes appear, and 
then cooled and treated with a little (dcohoj (or repeatedly hrealheil npon), 
the sulphuric acid will assume an infeme blue coloration (v. Kobell, .S(‘hon, 
Maschke). In the pre.senco of antimony pentoxide and a large amount 
of stannic oxide, the mixture must be evapoi-abal to dryiu'ss with phosphoric 
acid before licating it with sulphuric acid (]\fasehke). Jf vanadic acid is 
present, a green coloration is produced (Truchot, Clam, /jcidr., 1905, 
L, 573). 

6. Polassium fcrrocjianidc produces a rcddmwn precipitate in solutions 
acidified with hydrochloric acid. 

7. Extract of gall nuts, and also tannin, gives a deep red coloration, 
shading into hromn, with solution.s of alkali molybdates. If hydrochloric 
acid is added, a blown precipitate or coloration is produced. 

8. The addition of a little hydrogen sidphidc gives a blue coloration 
with acid solutions, whilst a larger amount produces a browmish-black 
precipitate. The supernatant liquid over the precipitate appeal’s green 
at first. After the liquid has stood for a time, and is then heated and 
repeatedly treated with hydrogen suljihide, the whole of the molybdenum 
is precijii fated, although with some dilliculty, as Imncnish -black trisnlphide, 
MoSg. C'omplctc prccijiitation is ctlected by saturating the .solution with 
hydrogen sulphide, and then heating it in a closed ])ressure-flaak. Tht 
precipitate is soluble in alkali sulphide solutions. Acids precipitate molyb- 
denum sulphide from the resulting sulpho salt solutions, the precipitation 
being promoted by heat. Solutions of alkali molylulates give a yellow 
coloration with hydrogen sulphide, and then, on the addition of acids, a 
hrownishddack precipitate. On treating a .solution of raolybdic acid in 
excess of ammonia solution with yellow ammonium sul2)hide solution (con- 
taining polysuljihidos), and boiling the liquid for some time, there is pro- 
duced, in addition to a brownish -black precipitate, an intense dark red 

* Of. for example Kafka, Zeitsek anal. Chem., 61, 482, and Pozzi Escot, 
Chem. Zentr., 19J3, II., 85 ; 1914, 1., 70. 
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solution, provided that the ammonium sulphide is not present in too gi’eat 
excess. Boiling oxalic acid solution does not attaek molybdenum sulphide. 
(Method of sejiaratioii fiom tlie sulphide prepared by the wet method, 
which is soluble therein. Clarke.) When ignited iii the air or heated 
with nitric acid, molybdenum sul])hidc is converted into molybdenum 
trioxide. 

0. On treating a .solution containing molybdate ion with potassium 
thiocyanate and a little hydrochloric acid, it becomes yelhnr, and on then 
adding zinc,^ reduction takes place, and this leads to the formation of‘h 
molybdenum tliiooyanatc, eorre.sponding to the oxide or sesquioxidc. 
The liquid becomes cxirminc-rcd through tlii.s reaction, and tlte coloration 
is not destroyed })y the addition of flm})}iouc acid. (Distinction from 
ferric thiocyanate.) On shaking the red liquid with etlier, the thiocyanates 
are extracted, and a red ethereal layer i.s obtained {V. 1). Braun). ^ Tartaric 
acid and other organic acid.s prevent the reaction, owing to the formation 
of complex compounds. 

10. On treating an acid solution of molybdic acid with hydrogen 
peroxide, a yelloit) liquid is obtained, the colour of wliieh is not removed by 
shaking with ether. Ammoniacal solutions become reddish-brown on 
treatment with hydrogen jieroxide, owing to the formation of ions of 
ammonium permolybdate (Schdn, Werther, Barw'akl, Bette), Melikow', 
Chem, Zentr., 1012, 11., 1570; A. Komarow.sky, Ibid., 1013, II,, 006). 
The reaction is not applicable in the presence of vanadates or titanaU'S. 

11. On adding an acetic acid solution of phenylhydra/ine to a solution 
containing molybdic acid, and heating the liquid to boiling point, an 
intense wine-red cohralion or a red precipitate is obtained. The red sub- 
stance may be extracted by shaking with chloroform. This is a very 
sensitive reaction (Spiegel and Maa.ss, Ber., 36, 512). Wlien added to an 
ammoniacal .solution, phenylhydrazine acetate produces a coloration 
resembling that of wine yeast, or a precipitate of the saine colour. If a 
little tannin solution has been previously added, the colour becomes 
mahogany brown (Pozzi Escot, Chem. Zentr., 1907, ],, 1460). 

12. An alcoholic solution of diphenyl carbazide produces o, fine indigo- 
mold coloration in a weak solution of alkali molybdato, or a precipitate of 
the same colour if excess of the reagent is added. The coloration is 
destroyed by an excess of acid or alkali. If, instead of ethyl alcohol, a 

^ homologous alcohol is used as the solvent for the diphenylearbaziile, other 
shades of colour are produced (Lecocq, Chem. Zentr., 1004, 1., 836). 

13. With regard to the colorations which molybdenum chloride solu- 
tions give with alkanet tincture and their abmrjition spectra, see Formtinek, 
Zeitsch. anal. Chem., 39, 680). 

^ Or another reducing agent, such as hydrogen sulphide. This method is 
recommended by Ganassini for the detection of traces of molybdenum, the 
solid substance being triturated with a small amount of concentrated sulphurio 
acid containing a little jiotossium thiocyanate, and the liquid spread out and 
subjected to the action of a current of hydrogen sulphide. 

2 If the reduction of the molybdate ion is carried too far, the reoetion may 
not take place (E. Kedesdy, Chem. Zentr., 1913, If., 996). 
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14. Molybdenum compounds impart a yelbw to brownish-yellow 
coloration to alkali phos2)hate beads, while hot, in the oxidation flame, the 
beads becoming yellowish-green to colourless on cooling ; in the reduction 
flame the beads are dark brown while hot, and bluish-green to grass-green 
after cooling. Similar, but much less ])ronounced, eoloraflon are obtained 
with borax ( Lutz, Zeitsch. anal. Chem., 47, 24). 

15. Molybdenum triox idc volatilises wlien heated on charcoal in the 
oxidation flame of the blowpipe. The charcoal becomes coated with a yellow 

• 'vfrcquently crystalline) powder, which changes to white on cooling. 
Metallic, molybdenum is formed in the redur-ing flame, and by sedimentation 
with water is obtained as a grey powder. Molybdenum sulphide yields 
sulpliur dioxide in the oxidising llamo, and forms a deposit of molybdenum 
trioxide on the cliarcoal. 

10 On heating molybdenum tiioxidc or a molybdate for a short time 
with sodium carbonate in a platinum sjmal, dissolving the fused mass in a 
few drops of liot wak>r, and absorbing the solution in strips of filter paper, 
tlio molybdenum uiay be det('ct(‘d in thi'se by means of spotting firsts 
with hydrochloric acid and potassium ferrocyanide, with stannous chloride, 
and with ammonium sulphide and Itydrochloric acid (llunsen). 

17. On heating molybdenum trioxide with an equal quantity of sulphur 
iodide ^ on an artificially-made tablet of gypsum in the oxidising flame of 
the l)Iow[)i[)e, an ultramarine -blue deposit will be obtained (Wheeler and 
Liidcking). 

18. With regard to the mieroehemieal detection of imlybdennm, see 
llaushofer, Mihrosbypisehe Reakliontn, p. 97 ; 13ehrens-Kley, Mikro- 
ehemisclie Analyse, 3rd ed., p. 145. 


Sec. 98. 

6. Tungsten, W, 1810. 

Tuugsltn is dieaUnt, telraraleni, penlaeahnl, and hexacahut. It is 
not widely distributed in nature, and is not found in any laige quantities. 
Tile tungsten miniTals of most common oceiirrenee arc seheelite or tung- 
stone {calcium tungstate) and wolframite (ferious and manganous 
tungstate). 

1. Tungsten, as obtained by reducing the trioxide with aluminium or 
hydrogen at a high ignition tem})erature, is an iron-grey powder of sp. gr. 
19'1, molting with great diflieulty at 2850'^. rulverulent tungsten, when 
ignited in the air, is converted into tungstim trioxidc (tungstic anhydride), 
W() 3 , and, when ignited in a current of dry chlorine free from air, yields a 
sublimable blackish- violet chloride, WClg, which usually contains low'cr 
chlorides and sometimes oxychlorides. On heating the chloride with 
water it is decomposed with the formation of tungstic acid. Tungsten 
chloride is also obtained by heating the trioxidc to redness in a current of 

^ This 13 prc|>ared by fusing 40 parts of iodine with 00 parts of sulphur and 
powdering the fused mass. 
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carbon tetrachloride vapour, or in a mixture of chlorine and carbon mon- 
oxide (Quantin). On igniting the trioxide hi a current of hydrogen 
chloride, volatile chlorides arc obtained (Fricdhcim, Henderson, and 
Tinagel, Zeitsch, anorg. Chvh, 45, 306; Zciiscli. anal. Chem., 48, 100). 
Tungsten is insoluble, or practically insoluble, in acids, includhig aqua 
reqia. Even hydrolluoric acid by itself hardly dissolves it, but it is fairly 
easily soluble in a mixture of nitric and hydrolluoric acids (Moissail, Chem. 
Zcnlr., 1896, II., 416). It is not dissolved by potassium hydroxide solution, 
but is soluble in a solution of potassium hydroxide which has been trcatcii' 
with alkali hy|K)chlorik‘. When fused w ith potassium hydroxide, tungsten 
is slowly dissolved, while hydrogen is liberated. Very finely divided 
timgsten is soluble even in ammonia and hydrogen ixsroxide solutions, or 
in a solution of ammonium pei-sulphate. A coarser powder may be 
oxidised by ignition after moistening with nitric acid, and the oxidation 
product then extracU‘d with a solution of sodium hydroxide and hydrogen 
jx'i’oxide. Tungsten, even in comparatively large fragmi'iits, may be 
rendered soluble by fusion with alkali nitrite (Hans Arnold, Zeitsch. aiiurg. 
Chem., 88, 71; ('he7n. Zcnlr., 1914, II., 1124; '/AtUch. anal. Chem., 54, 
357). 

2. Tangdcn o.iide, WO^,, is brown; when strongly ignited in the air 
it is converk'd into the trioxidc. Tungden irioxide, WOa, is h'mon-^ellow', 
becoming dark orange when heated, is not decomposed by heat, and is 
insoluble in water and acids. A series of liijdro.vides cornsponds to the 
trioxide, some of which have both u slightly basic as well as a delinitc 
acid character. Those include tungdic acids, H.^W 04 , which is yellow, 
and HjWOj, which is whik', and mctalnngdic acid, H4W4O13. They all 
show a pronounced tendency to change into the colloidal condition. 

3. Several series of salts, therefore, coiTcspond to these acids. On 
fusmg tungsten trioxide with potassium hydrogen sulphate, and treating the 
fused mass with water, there is at first obtained an acid solution, which 
does not contain any tungsten ions.^ After sejmration of the solution, 
the residue, consisting of potassium tungstate with a largo excess of tungstic 
acid, will dissolve complekly in water to which ammonium carbonate has 
been added. (Distinction and means of separation from silicon dioxide.) 
On fusing the trioxide with alkali carbonates or sodium 'peroxide, alkali 
tungstates ^ arc obtained ; these dissolve readily in wakr, and with more 
difliculty when boiled with alkali carbonate solutions. 

« 4. Hydrochloric, nitric, or suljdiuric acid, when added in sufficient 
quantity, produce while jrrecipitates of hydrated tungstic acid in solutions 
of alkali tungstates. When boiled, the precipitates become yellow ami lose 
looter, and they are insoluble in excess of the, acids. (Distinction from 

^ Because the potassium hydrogen sulphate present prevents them from 
dissolving. 

* Metallic tungsten and tungsten trioxido are rendered soluble by fusion 
W'ith potassium nitrate and potassium carbonate at a temperature below rod 
heat. (Method of separation from titanium.) (Defaeqz, Chm. Zentr., 1897, 
I., 129.) 
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molybdic acid.) Tbo tungstic acids arc soluble, however, in very con- 
centrated hydrochloric acid. They do not volatilise when healed with 
hydrofluoric acid and a little sulphuric acid (distinction from silicon 
dioxide), but are soluble in ammonia solutmi. They dissolve, after de- 
cantation of tlic acids, even in water, if the treatment is’ continued long 
enough. On evaporating them to dryness with excess of nitric acid, 
heating the residue to 120®, and treating it when cold with a solution of 
ammonium nitrate ooniaining nitric acid, the residue will contain almost the 
wliolc of the tungstic acid (N. J. Tram, A. Ziegler). Phosphoric acid does 
not cause a precipitation. It even prevents the precipitation by other 
acids, ^ owing to the formation of complex comjiounds.^ 

ij. Barium chloride, calcium chloride, kail acetate,'^ silver nitrate, and 
mercurous nitrate ju’oducc white precipitates m solutions of tungstates. 

6. Potassium ferrocyanidc produces a deep brownish-red coloration on 
the addition of a little acid, and after some time a preeijntate of the same 
colour IS formed. 

7. (lall-nut tincture or tannin gives a brown coloiation or precipitate 
on the addition of a little acid. 

8. Ilydroijen sulphide produces scaiccly any precipitates in acid solution. 
Ammonium suljihidc does not give a precipitate with a solution of alkali 
tungstate. In the presence of ions which can be precipitated by ammonium 
sulphidi', c.g. manganous ion (Taggart and .Smith, Chem. Zentr., 1897, 

1., 309), tungsten sulphide may be partially precipitated at the same time. 
On acidifying a solution containing excess of ammonium sulphuk a pale 
brown precipitate of tungsten sulphide, W.S^, mixed with sulphur, will be 
precipitated ; this is somewhat soluble in pure wati'r, but is barely soluble 
in water containing salts. 

9. Stannous chloride produces a yellow precipitate in solutions of alkali 
tungstates; on adding hydrochloric acid, and- heating the tube, the pre- 
cipitate will become bright blue. This is a very sensitive and characteristic 
reaction, which is suitable for the separation of tungstate ion from molyb- 
date ion (Marbaker, Zeitsch. anal. Chem., 56, HO), 

10. On treating a solution of an alkali tungstate with concentrated 
liydrochloric acid, or bctti^r, with excess of 2 >hosphoric acid, and adding 
zinc, a bright blue coloration will be produced. T'he blue coloration obtained 

^ 'I’ungstic acid may be precipitated by adding tannic acid and ammonia 
in the presemee of phosphate ion and subsequently acidifying the liquid with 
eoneenlratcd hydrochloric acid (Jlarber, Monatdi. Chem., 27 , 379 ; Chem. Zentr.* 
1900, J I., 703). 

“ With regard to tlie separation of phosphate ion from tungstate ion in 
such solut ions, .see v. Knorro, Zeitsch. anal. Chem., VI, 37 (and for the separation 
of tungstate ion from cliromate, Ibid., 47 , 337); also Kehrmaim, Ber., 20, 
1813 ; Zeitsch. anal. Chem., 27 , 3!>2 (also for the separation of the ions of arsenic 
and tungsten) ; Kehrmaim, Liebig's Ann., 245 , 46 ; Zeitsch. anal. Chem., 39 , 
717. 

® I'hc resulting precipitate is soluble, after igiiilioii, in concentrated hydro- 
chlorio acid, but sojianites again on diluting the solution with water. (Dis- 
tinction from molybdate ion. Ibbotsou and Brearloy, Chem. Zentr., 1900, 

1 ., 400 ) 



392 MtiAVlOVR OF SUBSTANCES TO REAGENTS ch. il 


in hydrochloric acid solution changes first into red and then into brownisli- 
black. A liquid of deep blue colour ^ is also produced by gently heating a 
solution of alkali tungstate (slightly acidified with sulphuric acid) to 
which sodinm hy^w^hosiihite and mdphvr dioxide have been added, 

11. Ferrous mdplmie produees an ochrc-yelhnv precipitate, which docs 
not become blue, on the. addition of acids. (Distinction from molybdate 
ion.) 

12. Tartaric, citric, and many other organic acids form complex eom- 
pomids with tungstic acid. lienee these acids do not precipitate tungsfic 
acid from tungstate solutions, and even prevent it.s pieeipitation by mineral 
acids. For the same reason, they interfere more or less with the action of 
the reducing agents just mentioned, and the consequent })roduction of a 
blue coloration, 

13. On heating tungsten trioxidc with potassium hydtogen sulphate 
and a little concentrated sulphuric acid, allowing the mixture to cool, 
and adding a drop of a phenol, characteristic colorations (usually disappear- 
ing on the addition of wat(‘r) are obtained. For example, phenol produces 
a red, and hydroquinone a violet coloration (l)efacqz, Chew. Zentr., 1890, 
11., 639). 

14. Most of the metatungstates arc soluble in water. Oidinary tungstic 
acid is precipitated on boiling the .solutions with suljdiurir, hydrochloric, 
or nitric acid, 

15. Alkcdi phosphate dis.solves tungstic trioxide or tungstates. In the 
oxidising flame the beads ate transparent and eolouih'.ss or yellow, whilst 
in the reducing llamc they appear bright blu(“, the, colour becoming 
blood-red on the addition of ferrous sulphate. Borax beads do not show 
any characteristic coloration. 

16. On heating tungsten compounds with very little sodium carbonate 
in a hollow on charcoal in the inner blowpipe flame, tungsten powder, 
which can be separated by sedimentation, is obtained. 

17. When tungstates arc heated with sodium caibonate in a platinum 
spiral, the fused mass heated with a few diops of water, and the solution 
absorbed by means of strips of filter [laper, tungsten may be detected in 
these by a yellow coloration when they' are heated afteu’ the addition of a 
drop of hydrochloric acid, and by a blue coloration when they ait: heated 
with a drop of stannous chloride solution. Ammonium sulphide does not 
colour the paper either by itself or after the addition of hydrochloric acid, 
‘but when heated the paper becomes blue or green (Bunsen). 

18. When heated w ith sulphur iodide on a gypsum tablet in the oxidising 
Jlanie of the blowpipe, tungstates yield a greenish-blue deposit (Wheeler and 
Liideking). iSoe also footnote, p. ‘{8ih 

19. Most of the tungstates insoluble in water may be decomposed by 
digestion with acids. The mineral wolframite, which is only attacked by 
acids with difficulty, may be decomposed by fusion with alkali carbonate 

^ Other reducing agents also produce a blue coloration, such as mercurous 
nitrate and potassium iodide (Kafka, Zeilsch. anal. Chem., 51, 482), or mercury 
(Pozzi-Escot, Chem. Zentr., 1913, II., 85 ; 1914, 1., 76). 
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or sodium peroxide. The fused mass is soluble in water. Metallic tungsk'ii 
and tungsten alloys (ferrotungstcn) may conveniently be dissolved in 
hydrojluoric acid with nitric. (U'id, the solution then treated with sul])huric 
acid, and the volatile acids evaporated (Ibbotson and Brearley, Zcitsch. 
anal, ( 'hem., 44, 561). On treating tungsten steel with Jiydroc'iloric acid, 
metallic tungsten sejiarates, and may be dksolved by adding nitric acid. 
For tile analysis of metallic tungsten, H. Arnold {Zcit.sch. anorg. Chon., 88, 
74 ; Zeitseh. anal. Chon., 54, 357) recommends dissolving the jiowdev, 
il line, directly in ammonia and hydrogen peroxide solution, or if coarse, 
in sodium hydroxide and hydrogen peroxide solution, after oxidation with 
nitric acid, whilst larger pieces may be eli'ctrolytically dissolved as anodes 
in ammonia solution. Tbc alkaline or ammoniacal solution is tieatcd 
with 50 piT cent, tartaric acid solution, and then with hydrochloric acid, 
until the solution contains 4 per cent, of tliat acid, after which the liquid 
is saturated with hydrogen sulpliide and filtered, and the filtrate jioiired 
in a thin strc'am into boding strong hydrochloiic acid. Most of tlie tungstic 
acid will then separati; as a granular precipitate. The filtrate is evajiorated 
to dryness, tlie ri'sidui' ignited, whereby the tartrati'S are converted into 
carbonate's, and the resulting fused mass is extracted with water. Oxides 
or carbonates of (Iroups 111. and 1\^ remain in the residue, whilst tungstic 
acid is dissolved. 

;i0. With regard to (Jie nucrorhonical detection of tungsten, see Haushofer, 
Mikroskopischc Ilealctioncn, p. 141 ; Behrens-Kley, Mihvehonisehc 
Analyse, 3rd ed., [>. 124, 

B. Reactions ol the Anions. 

Sec. 99. 

Keagents for tlie detenui nation of the anions, analogous to the* 
reagents for the detection of the cations, can be divided into general 
group reagents and special reagents, i.e. those which .serve to identify 
individual anions. It is, however, hardly po.s.siblc to arrange and 
define the groups as sharply as was the case with the cations. 

Acids are divided into two main groups, inorganic and organic 
acids. For analytical ]mrposes, deviating from the theoretical 
conception, we make the divisions in such a way that the differentia; 
tion is based on the behaviour at a higher temperature, and include 
in the organic acids only lime l/te sails of tohich (especially those with 
the ions of alkalis or alkaline earths) are decomposed on ignition, leith 
the separation of carbon. This characteristic has the advantage 
that it is very evident, and that by means of a simple preliminary 
test it renders it more easy to determine to which division the acid 
should belong. The salts of organic acids with alkali or alkaline 
earth metals are converted on gentle ignition into carbonates. 
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The inorganic aniom can be divided into three groups, according 
to their behaviour towards the group reagents, barium chloride and 
silver nitrate, the first of which can again be subdivided into four 
classes, ac;pording to the behaviour of the niem])ers of the group 
towards (a) hydrogen sulphide, and {h) of their barium salts towards 
ackls. ' 

The organic anions dealt with in this book can be divided firstly 
into two groups, according to tlieir behaviour towards calcium 
chloriiie, and each of these is again sub-divided into two divisions. 

The first group is characterised by its ])ehavjoui‘ towards /i'rr/t 
chloride, and tlie second ))y the condition of aggregation, tlie rolatilitij, 
and the solubility of the free acids. 

As in the case of tlie cations, a general survey of all the anions 
contained in this book will precede the descri{)tion of the individual 
ones. Jlere agaii) the more frequent and important members of 
the groiq)s are [»rinted in italics. 

The behaviour towards the group reagents is in each case given 
at the beginning of each group or siib-division. 

I. Inorganic acids. 

First Group. 

First division. Chromic acid or chronuilc ion (sulphiu’oiis acid, 
thiosulphuric acid, and iodic acid, or sulphite, thiosuljdjate, iodate 
ions). 

Second division. Sulphuric acid or sulphate ion (pcrsulphuric 
acid or persulphate ion, .silicohydrofluoric acid or silicolliioride ion). 

Third division. (Ortho-, pyro-, and nicta-) phosphoric acid, 
boric acid (perboric acid), oxalic acid, hydrojluoric acid, or phosphate 
ion, borate ion (perborate ion), oxalate icn, Jluorine ion (phosj)horous 
acid or phosphite ion). 

Fourth division. Carbonic acid (percarboiiic acid), silicic acid, 
pr carbonate ion (percarbonate ion), silicate ion. 

Second Group. 

Hydrochloric aciil, hijdrobromic acid, hydriodic acid, hydrocyanic 
acid, hydroferrocyanic acid, hydrofcrricyanic acid, thiocyanic acid, 
hydrogen sulphide, or ckloriim, bromine, iodine, cyanogen, ferro- 
cyanogen, ferricyanogen, thiocyanogen and sulphide ions (nitrous, 
hypochlorous, hypophosphorous, nitrosulphuric acids, or nitrite, 
hypochlorite, hypophosphite, and azide ions). 
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Third Group. 

Nitric acid, chloric acid, or nitrate, chlorate iom (perchloric acid 
or perchlorate ion). 

n. Organic acids. 

First Group. 

• 4hrst division. Oxalic acid, tartaric acid (racfniuc acid), citric 
acid, nudic acid, oj' oxalate, tartrate (raceniate), citrate, mulate ions. 

Second division. Succinic acid, cinnamic acid, or succinate ion, 
cinnamijlale ion. 

Second Group. 

First division. Benzoic acid, salicylic acid, or benzoate ion, sali- 
cylate ion. 

Second division. Acetic acid, formic acid, or acetate ion, fornuitc 
ion (lactic acid, j>roj)ionic acid, butyric acid, or lactate, propionate, 
butyrate ions). 


IV. Kkaction’s of Individual Anions. 

A. Inorganic acids. 

8iiu. 100. 

First Group. 

Anions which are precipitated by barium chloride from 
neutral solutions. 

Tliis group is divided into four classes, as follows : — 

{a) Acids ivhich are deeompo.sed by the action of hydroyen sulphide 
on their acid .solution, and which were, therefore, referred to in 
the examination of cations, i.c. chromii' acid (sulphurous acid and 
thiosulphuric acid- tlie latter, because it is decomposed and recog- 
nised at once on the addition of hydrochloric acid to the solution 
of one of its salts —and also iodic a(ud ^). 

{b) Acids which are not decomposed by hydrogen sulj)hide in 

^ Tlu) lirrtfc division of tlio Hr.st group of acid.s should have included all 
oxygon eoiiiptjund.s of [»ronouuced acid charactoristics which havo already 
been dealt with in tho sixth grouj) of cations (arsenic acid, antunonic acid, 
selenious acid, etc.). As, however, their behaviour towards hydrogen sulphide 
formerly caused them to bo grouped with other cations rather than with other 
acids, the.so coni|)ouuds, which, at least from an analytical point of view, arc 
on the borderline botwoon cation.s and anions, i.c. acids, are do.scribed with the 
cations. 
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acid solution, and the barium salts of which are insoluble or scarcely 
soluble in hydrochloric acid: sulphuric acid (silicohydrofluoric acid). 

(c) Acids which are not decomposed by hydrogen sulphide in 
acid solujioiv and the barium salts of wliich arc ap2)arenlly soluble in 
hydrochloric acid 'without decomposition, in so far as the acids or 
their ajiliydrides arc neither separated in solid form nor, escape as 
a gas : phosphoric acid, boric acid, oxalic acid, hydrojluoric acid 
(phosphorous acid). (Oxalic acid is, in accordance with its chcnflcal 
nature, also included among the organic, acids, but is mentioned 
here because the behaviour of its salts, which are decomposed on 
ignition without actual carbonisation, causes it easily to be over- 
looked as an organic acid). 

(d) Acids which are not decomposed by hydrogen sulphide in 
acid solution, and (hr barium salt'; of tv/iich arc soluble in hydro- 
chloric acid, with the UIh ration of the acids or their anhydrides: 
carbonic acid, silicic acid. 


First Division. 

Of the First Group of I mmjanic Acids. 
iSkc. lul. 

Chromic acid, H2CrU4, and dichromic acid (bicluomic acid, jtyro- 
chromic acid), H2Cr207 (chromate ion CrO''^, or dicliroiiiate 
ion, Cr20''7). 

1 . Chromium trioxide, chromic anhydride, OrO^, forms a scarlet 
crystalline mass or distinct needle-shaped crystals. On ignition 
it decomposes into chromic oxide (Or^Oy) and oxygen. It deli- 
quesces quickly in the air; it dis.solves in water with a yellowish- 
dark red colour, vi.sible even when considerably diluted. Chromic 
acid and dichromic acid arc not known in the pure condition, but 
their existence may be a.ssumed in the aqueous solution of the 
trioxide. Both are di-ba.sic, i.e. eorresjjond to the anions CrO"^ and 

^Cr.O'V 

Chromic acid in the first .stage is a strong acid, in the second 
stage is very weak ; for the dissociation constant /u the process 
[H*J.[CrO"4j^A2.[JICrO'4j is = 3 . 7 . 10 -^, that is to .say, only of the 
order of dimension of the first dissociation constant of carbonic 
acid. Dichromic acid is stronger in both stages, but e.specially in 
the second, than chromic acid (sec Beck and Btegmuller, Arbeiten a. d. 
Kaiserl. Gesundheitsamt, 34 , 440 ). 

2 . The chromates and dichromates are all red or yellow, and mainly 
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insoluble in water. Some of them arc decomposed on ignition. 
C'liromatcs have a great resemblance to sulphates and manganates, 
with which some of them also crystallise isomorphously. There is, 
however, no hydrochromate ion analogous to the hydrosulphate ion. 
The alkali chromates KoC^rO^ and Na2Cr04 resist the action of heat. 
Alkali clromates dissolve in wat(‘r with a yellow colour, and alkali 
dicliromates with a reddish-yellow colour. The colorations are 
vfsfl)le even in very dilute solutions. The former have a neutral, 
the latter an a(‘id reaction. On the addition of an acid, whereby 
the concentration of the HCrO'4 iotis is finst of all increased, the 
yellow colour of a solution of chromate changes to reddish-yellow, 
owing to the formation of dichromate ion, 21 1( h( )"|'^,Cr20'"7 -j-TToO. 
In neutral aqueous solutions the process is reversed. Dichromatc 
ions are always decom]>osed to a certain degree into HCrO"4 or also 
(h'( )"4 ions, which, withsuitable cations form precipitates of chromates, 
])ecause chromates do not dis.solve so readily as the corresponding 
sabs of the stronger dichromate ion. 

3 . Hydrogen sulphide produces in the acidijicd solution of a 
chromate at first a brownish, and then, owing to the formation of a 
chiomic salt, a green coloration of the solution, with t he simultaneous 
sej)aration of sulj)hur, which gives the liquid a milky a[)pearance : 

Cr2()'^ j-llH--f3nS'-2Cr--l-7H20-l-3S 
C.fj. K2(h2O7-Hir2SO4+3H2S-K2SO4-k(h2(SO4)2-b7ll20-h 

Jfeat promotes tlie reaction, and part of the .sulphur is then 
oxidised to sulphuric acid. 

4 . Ammonium sulphide, added in excess to a .solution of alkali 
dichro7rudc, at once j»roduces a hiownish, (ireij-ijreen precipitate con- 
sisting es.sentially of (chromic hydroxide and sul])hur. In a neutral 
solution of alkidi chromate there is at fir.st only a dark brown colora- 
tion, but after a while a bro\\nish gnw-gretm ])rccipitate similar to 
that just mentioned is .se|)arated. The preeijiitations are only 
comph'tc after boiling. The prc(‘.i[)itat,es dissolve after washing in 
hydroidiloric acid and give olf an odour of hydrogen polysulphide. 

0. Chronmte ion matj he reduced to chromic, ion htj the use of nuiny 
other ayents, especially by sulphur dioxide, ammoniutu thioacetale in 
acid solution, sodium thiosulphate in acid solution, by heating with 
amcentrated hydrochloric acid, also with dilute hydroehloric acid to 
which alcohol is added (whereby ethyl chloride and aldehyde escape), 
by stannmis chloride or nulallic zinc in the presence of hydrochloric 
or sulphuric acid, by heating with tartaric acid, oxalic acid, etc. All 
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these reactions are clearly characterised by the change from the 
red or yellow rolour of the solution to the green or violet colour of 
the clironiic. salt. Alkali chromate solulio)m are not reduced by 
alcohol even when heated. (Distinction from manganates and 
permanganates.) 

C. Barium chloride frodmes in aqueous solutions qfi'chroinates 
and dichromates a i/ellowish-white preci/pitate of barium chromate, 
BaO04. It dissolves nvidily in dilute hydrochloric acid and nftfic 
acid, a.s then, through the formation of dichromatc ion (see 2 ) and 
of undissociated chromic acid or hydrogen chromate ion, the concen- 
tration of the 0r()"4 ions is .so decreased, that the .solubility product 
[Ba“J.[CrO"4] is no longer reached. Barium chromate is scarcely 
soluble in cold, but di.s.solve.s more readily in boiling water. 
Ammonium salts increa.se the solubility very noticeably (seep. 141 , 9 ) 
and acetic acid very considerably, but the salt is completely in- 
soluble in these weaker solvents if neutral alkali clironiate is added 
to the liquid. The reason for this lies in the fact that the hydrogen 
ions (also present in ammonium salts, owing to hydrolysis) are removed 
in the formation of dicdiromate ion (2(h’()"4-| 2Il’--Cr20"7-|'H2ll) 
without any great reduction in the concentration of the chromate 
ionsA 

7. Silver nitrate })roduces in an aqueous ncMlral solution of a 
chromate a dark hroumish-red precipitate of silver chromate, Ag.2( lr04, 
readily soluble in nitric acid and ammonia solution, and in weak 
acid solutions a dark red to reddish-brown crystalline precipitate of 
silver dichromate, Ag^^tT^O;, which is readily soluble in ammonia 
solution but less easily in nitric acid. 

8 . Lead acetate prccif)itates lead chronuite, Pl)Clr04, from an 
aqueous or aci'tic acid solution of a chromate as a yellow precipitate, 
insoluble in ammonia solution, soluble in [)otassium and sodium 
hydroxide solutions, .soluble with ditliculty in dilute nitric acid, and 
insoluble in acetic acid. On heating with alkali hydroxuh the 
yellow neutral salt is converted into a basic red one (Pl)()rb)0r04. 

9 . If a quite ddute acid solution of hydrogen peroxide (about 
6 to 8 c.c.) is covered with a little ethar (a layer of about i cm. in 
thickness) and a liquid containing chromate ion is added, the 
solution of hydrogen peroxide assumes a briyht blue colour. If the 
test-tube, closed with the thumb, is reversed several times without 
mtich shaking, the solution loses its blue colour and the ether becomes 
blue. This latter phenomenon js especially characteristic. One 

> Of. La Santi, Chem. Zentr., 1904, IL, 1625. 
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part of potassium chromate in 40,000 parts of water still gives a per- 
ceptible reaction (Storer) ; vanadic acid influences the sensitiveness 
of the reaction considerably (We.rtlier, ,1. prak. (■hem,., 83, 195), but 
if sodium ]dios|)hate is added, the injurious influence of the vanadic 
acid can be eliminated, owing to the formation of a comjdex acid. 
{Reichard, Znisvh. mml. Chnn , 40, 577.) The blue coloration is 
pr(*sumab]y due to perchromic acid, formation of 

tjii^ acid takes place in accordance with the formula : 

CroO"7+7H202--2(hO"'84-4H-+5H20 
or Horr20H-7Il20o-2H3(M)8+5HoO 
After a short time a reduction to chromic ion takes place, and con- 
sequently a decoloration of the ether : 

2CrO"'8 + 1 2H- -:20r • • • +6H2O f bO. 

for example 

2H3Cr08-f3n2S04^-Cr2(S04)3fr)H20-fr)02 

10. Dlphenylcarhazidr, or diphenylcarbazide acetate in alcoholic 
solution, if added in excess to chromic acid - or neutral or acid 
chromate solutions — })roduces a beautiful purple-violet coloration 
(Cazeneiive, Chem. Zenfr., 1901, II., 709; Zritsch. aval. Chnn., 41, 
508) ; smaller quantities of the reagent produce red or brown 
colorations (Moulin, Chevi. Zevfr., 1904, 1., 1175; Znlsch. aval. 
Chem.. 48, 385). 

11. 7/ insoluble chromates are fused with sodium earhovate, with 
.the addition of a little potassium chlorate, and the mass treated with 

water, a soluliov, coloured yellow by tbe chromate ion contained in it, 
is obtained, which becomes reddi.sh-yellow when an acid is added. 
The metals are left in the form of oxides or carbonates. 

12. C'hromates are reduced to chromic compounds when heated 
with phosphates or borax in the oxidising or reducing flame, and then 
show the corresponding reactions. (Sec. 41, 13, p. 170.) 

13. Very small quavtities of (Inornate ion may be detected in 
aqueous solutions (but only in the ab.sence of other oxidising sub- ^ 
stances) by one of the following methods : —(u) A little yuaiamtm 
tincture, (1 part of the resin to 1(X) j)arts of alcohol 52 ])er cent, by 
weight) is added to the liquid slightly acidified with sul])lmric acid ; 
if a chromate ion is ]>resent an intense blue cohmttiov is produced, 
which, however, disappears in a few seconds if the quantity of 
chromate is very small (If. SchilT). {h) A little dij)henylamine’is 

* The l)luo jjoiTliroinatc.s oI)laiiie(l by Rio-scnfeld and his collaborators oorre* 
spond to this acid 



400 BFAIAVKWR OF SUBSTANCES TO REAGENTS ch . ii 


dissolved ill concentrated snlphiiric acid, and a few drops of the 
liquid containing the chromate added. A distinct blue coloration 
will prove that cliroinate ion is jiresent. (c) A small piece of starch 
moistened witli freshly prepared polassiant Iodide solution is brought 
into contact with the chromate solution (acidified with dilute hydro- 
chloric or sulphuric acid), or a dilute freshly prepared potassium 
iodide solution is mixed with a small (piantity of carlion bisulphide, 
the. chromate solution (acidified with hydrochloric or sulphuric a^nd) 
added, and the whole shaken. A blue coloration of the starch, or a 
violet coloration of the carbon bisulphide indicates the presence of the 
smallest trace of chromate ion. (d) Tlie liquid under examination 
is acidified with a little sulphuric acid, and a small quantity of an 
aqueous solution of jujroijallol-dimetlnjl ester added. A yellow-red 
coloration indicates chromate ion. In the case of very weak colora- 
tions the reaction can he ma<le more distinct hy shaking with 
chloroform, which extraids the colouring substance. This is a very 
sensitive reaction, hut is not confined to (diromate ion (.\rayerfeld, 
Chem. Zty., 34 , 948). (c) 5 c.c. of a solution of O'h grin, of a-naphthy- 
and 50 grins, of tartaric acid (or instead, oxalic acid or glacial 
acetic acid, hut not an inorganic aci<l) in J(K) c.c. of water give a 
blue coloration with a solution of chromic acid. The reaction is 
still distinct at a concentration of Ol mgrm in l(K) c.c. It depends 
on the formation of an oxidation jiroduct of the a-naphthylamine. 
Chlorine and bromine, like chromic acid, give a })iue coloration. 
Nitric acid gives a red, ozone a violet, coloration. Iodine, ferric 
chloride, nitrous acid and hydrogen peroxide do not give colorations 
(Van Eck, Chem. Zentr., 1915, 1,, 399). 

As chromate ion is reduced by hydrogen suljihide to chromic 
ion, it will have been already detected in the course of analysis in 
the te.sts for cations. It may also he easily n'cogni.sed hy the intense 
colour of the .solutions containing chromate ion, the excellent re- 
action with hydrogen jieroxide, and tin* characteiistic. precipitates 
produced liy lend and silver .salt solutions. The reactions mentioned 
in 13 .serve, after fusion of the .substances with alkali carbonate and 
alkali chlorate, for the detection of the slight traces of chromium 
which are to ho found in many minerals, e.y. serpentine. 

For the detection of alkali chromates in the presence, of dichro- 
mates, see E. Donath [Zeitsch. anal. Chem., 18 , 78), and also Richter 
{Ibid., 21 , 308). With regard to the microehe-mie(d deteetion of 
chromic acid, see p I7t). 
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Acids of less Frequent Occur reme of the First Division. 

Sec. 102. 

1. Sulphurous acid, II2SO3 (Sulphite ion, S0"3, Hydrogen .sulpliilo 
or Itydrosulphitc ion, IlSO'3).i * 

1. Sulphur dioxide, sulphuroii.s anJiydride, SO^ (coniinoiily eallfd in 
everyday 'iri ft' by the older nomojiclatiirc of sulpluirouy acid), is a colour- 
less, noii-ijiflaruniable gas, witli a suiroeating odour (like burning sulphur). 

14 dissolves freely in water. The solution has the odour of the gas, turns 
littmis ])aper rt'd, and bleaches Brazil wood })aper.“ It contains sulphur 
dioxidti (SOo), sulphurous acid {H2SO3), and thi'ir ions. It gradually 
absorbs oxygen from th(‘ air, and is convtTted into dilute sulphuric acid. 
Sulphurous aci<l is an atsd of im'diuui strength dissociation constants for 
the lirst stagt; 1.7.10--', for the second stage 5.10-*’. 

2. The sails (sulphites) are colourless. Of the neutral salts only those 
of th<' alkali metals are t'asily soluble in water ; of those which are insoluble 
or dissolve with dinieiiity, many dissolve m water containing free sulphurous 
acid as hydrogen sulpliites (bisulphites), which ai'e precipitated again on 
boiling. 

3. When treated with sulphuric acid, all the salts develop sulphur 
dioxide, which can easily be distilled from their solutions. It may be 
rocognisc'd by the odour of such an acid solution, and detected in the air 
above such a solution by means of smtablc I'cagents (^ce P). (Method of 
detecting sulphite ion in the pix'sence of sulphate ion.) 

4. ( 'hlorine ivalet converts the sul])hites into sulphates, and consc<iuently 
dissolves most of them. 

5. Bariiini chloride preeipiiales th< neutral .sY///s,but nut the- free acid. The 
precipitate dissolves in hydrochloric acid. Alk(di hi/droqcn sulphites feld 
sulphurous lU'id, wliich I’emains/rrc in solution, and Imrium. sulphde, which 
is jrrecipitatetl. Strontium ehlortde, like barium chloride, pieeijatatcs 
strontium sulphite. (Distinction from thiosulphate ion, Autr'iincth and 
Wnidaiis, Zeilseh. anal. Chon., 37, 200.) 

0. iljfdroqen sulphide deco)uj)oses the fxe ticid, wdth the I'mination of 
water', pentatliioiiie acid, and/>vc sulphur, which stparalcs. 

7. If a piece of bi'ight copper wire is introduced into a solution containing 
suljrhur dioxide, to which an e([iial volume of hi/drochloric acid has been 
added, and is then heated to boiling point, it appears black (as though 
coated with soot) in the presence of lai-go rpiantities of sulphur dioxido, • 
but dull and lustreless in that of small quantities (H. Jteinsch). 

^ In ai'-curdanco with the nomeiiclaturo adhered to in this book, we call the 
acid sulphite salts with the anion lllSO'3 “ h3’drogcn sulphite.” The term “ hydro- 
sulphite,” niorovor, is also applied to the salts of the ” hydrosulphurous acids ” 
(Schutzenberger’s), which are produced by the action of zinc on ariueous 

solutions of sulphur dioxido, and there are thus neutral, NajS204, and acid, 
NaHS20^, hydrosulphitcs of this type. In all cases where it is a question of 
these hydrosulphitcs, wo have called .special attention to the fact by quoting 
the formula. 

“ hoe footnote, p. 431. 


20 
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8. If hydrogen is evolved from zinc (free from sulphur) or aluminium 
and hydrochloric acid (free from sulphur dioxide) and a trace of sulphur 
dioxide ‘or sulphite introduced into the flask, hydrogen sulphide is evolved 
with the hydrogen ; the gas, therefore, 'prodncca a black coloration and a 
precipitate In a lead acetate solution treated with sodium hydroxide until the 
precipitate is re-dissolved. 

9. Sulpha*- dioxide is a imverful reduriiuj Offenl ; it reduces chromates, 
I)ermanganates, iodates, mercuric nitrate, and on heating (and in the 
absence of large quantities of alkali chloiides) rrrereuric chloride .v(^o 
mercurous chloride),^ decolorises iodine starch, gives a blue precipitate 
with a mixture of potassium feriieyanidc and ferric chloride, etc. If 
tilter paper, therefoie, is saturated with a dilute solution of staieh “ con- 
taining a little pure potassium iodate (A. l^'ranck), or with a solution of 
ferric chloride and potassium ferricyanide (C. Brown) and then dr it'd, a very 
sensitive r'cagr'iit pajK'r is obtained. The blue colorations which appear 
arc only distinctive of suljrhur dioxide or sulphite when it is certain that no 
other reducing substances are irresent. 'J’he papers are therefore par- 
ticularly suitable, when moistened, for the detection of small quantities 
of gaseous sulphur dioxide. 

19. Silver nitrate precipitates white silver sulphite Ag 2 fS 03 from a 
solution containing sulphite ion; it is soluble in nitiie acid, ammonia 
solution and also in excess of sodium suliihite solution, with the formation of 
Bodiurn — silver sulphite. The latter solution, as also the piecijiitate 
Busiiendcd in water, is decomposed on boiling, with the sejiaralion of 
silver, the liberation of sulphur dioxide and the formation of sodium — 
or silver sulphate. 

11. A hydrochloric acid stannous chloride solution pioduees after a short 
time a yellow precipitede of stannic sulphide. 

12. If an aqueous alkali sulphite solution (if necessary after exact 
neutralisation with acetic acid, or after the addition of sodium hydrogen 
carbonate ^ until no longer acid) is added to a rt'lalivi'ly large quantity of 
zinc sulphate solution, mixed with veiy little smlivni nit)oprusside, a red 
coloration will appear if the quantity of the sulphite is not too small ; if, 
on the other hand, the quantity is very small, th(‘re is no coloration, but 
this is immediately produced if a solution of potassium ferrocyamde is added. 
In the case of not too small quantities, the addition of jiotassium ferro- 
cyanide producer a purple-red precipitate (Hodecker). Alkali thio- 
sulphate's do not give the reaction, but their pre-sence influences its sensitive- 
ness (Autenrieth and Windaus, Zeilsch. anal. (Jhem., 37, 290). 

13. Neutral sulphites (not hydrogen sulphites or free sulphur dioxide, 

^ All these reduction reactions are only distinctive for sulphurous acid in 
the absence of other reducing substances. Tn particular tlu; jircsciice of the 
ions of trivalent antimony or divalent tin may lead to errors in the case of the 
mercuric reactions (Bollenbach, Zeilsch. anal. (Jhem., 47, 092). 

2 2 grms. wheat starch, 100 grms. water and 0‘2 grin. potas.sium iodate. 

3 Cf. Sec. 87, 5. 

^ An excess of sodium hydrogen earbonatc does not matter. On the other 
hand, the presence of sodium carbonate or sodium hydro.\ide prevents a reaction. 
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which must first be neutralised by sodium hydrogen carbonate) decolorise, 
cUnuyst hnnmliately, dilute solutions of dyestuffs of the triyJienylmelhane scries 
{magenta or /mlachite green). Acetaldehyde in aqueous solution reproduces 
the cohraiion, owing to the formation of aldehyde sulphurous acid. Free 
alkali must bo neutralised with carbon dioxide before it is added to the 
dyostulf solution. Thiosulphates, di-, tri-, and tetrathionates do not 
pi'odiico uliis reaction. On the other hand, it is produced by sulphides (not 
hydrogen sulphides). These must therefore be removed by means of zinc 
e .* cadmium salts (Votoeek, Ber., 40 , 414). 

14. >Sulphit(!s, like sulphates, arc reduced to sulphides by heating with 
sodium carbonate on charcoal in the blowpipe flame. (Sec 8cc. 105, 1).) 

15. With K'gard to the micro-chemical detection of sulphurous acid, 
cf. iJeniges {Phann. Zentralhalle, 33, 98 (1892)). 


loa. 

2 . Thiosulphuric acid, hypo, sulphurous acid, ll2i:'203 (Thiosulphate 
ion, S20"3). 

1. Tluo.'^ulphuric acid docs mh exist in the free condition. Its solutions 
decompose with the s(‘])aration of yellow sulphur and the formation of 
sulphurous aeid The salts of tluosulphimc acid, the thiosulphates (hypo- 
sulphites) are for the greater part .soluble in water; the insoluble salts 
often form soluble doulih^ .salts with .sodium thiosulpliab'. Freeipitates 
obtained by means of sodium tliio,sulphate oftisi become soluble again, 
therefore, in an exce.ss of the })reei[)ilanl. I’lu* solutions of most thio- 
.sulphates may be boiled without decomposition (or thi'V only decompose 
after being lioilcd for some time) ; ealeium thiosulphate is deeomjiosed, on 
boiling, into ealeium .siiliihite and sulphur. The thiosuljihatcs of heavy 
metals often form metal sulphkh'S on boiling. Alkali thiosulphates decom- 
pose, when heated in the absence of air, into water, sulphur and hydrogen 
sulphide, which escape, and into a mixture of sulphide and sulphate, which 
remain. 

2. If sulphuric acid or hydroehlonc acid is added to a solution of thio- 
sulphate, the liquid at lirst remains clear and odourle.ss, but soon (the more 
concentrated and warm the solution is, the .sooner this will take place) 
becomes more and more turbid, owing to the sulphur which is scjiaruling, 
w'liilst at the same time the odour of sulphur dio.iidc becomes noticeable. • 

3. Silver nitrate produces a white precipitale of silver thiosulphate, 

which is .soluble in an excess of the thiosulphate solution, and 
after a while (at once, if heated) becomes black {distinction from suljihite ion. 
Bodnar, 'Aeitsch. anal, (hem., 53, 37), whilst the precipitate decomposes 
into silver sulphide and suljihuric aeid.^ tSodium thiosulphate solution 
dissolves silver chloride. On the addition of an acid, the solution at 

^ With regard to its behaviour towards the solutions of other heavy metals, 
reference should bo made to tho sections dealing with the reactions of cations, 
08 also to Part IT., (Jluips. III., IV. 
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first remains clear, but later (immediately, if heated) silver sulphide 
separates. 

4. Bdrium chloride prixluccs a ivhilc prceiptlalc, soluble in large quantities 
of water (especially liot watei), which is decomposed by liydiochlorie acid. 

5. StronHum chloride docs nol precipitate thiosulphates. (Distinction 
from sulphite's.) 

6. Ferric chloride gives a reddish-violet coloration to solutions of alkali 
thiosulphates. (Distinction from alkali sulphites.) 4'hc colour di.sappea!S 
on standing (rapidly, when heated), with the reduction of the ferric ion*to 
ferrous ion. 

7. Aculijied chwmale solution is reduced at onee by thiosulphates to a 
greeu chromic salt solution ; chromate solutions, if nol acidijicd, turn brown, 
and wlieii heated yield a brown precipitate [cf. »Sce. 101, 4). 

8. J solution of iodine and starch and an acidified solution of potassium 
permanganate are immediately decolorised. 

9. i'hhrine and bromine oxidise thiosulphate ion to sulphate ion ; iodine 
al.so oxidises thiosulphate iem to suliihate ion in alkaline solution. On 
the other hand, in acid .solutions or tho.se containing alkali hydiogcn 
carbonate, it oxidises it to tetrathionate ion. Consequently thiosulphate 
solutions oxidised by chlorine and bromine, but not by iodine in the 
presence of acid or alkali hydrogen carbonate (distinction from sulphites), 
yield precipitates with barium chloride in acid .solution. The oxidation to 
tetrathionate ion takes place without the formation of free acid : 

2S,0"3 1 i 21' 

for example, 2NaoS3()3 | l^— Na^S^Oo 1 2Na[ 

(Distinction from sulphites, in the oxidation of which fice acid is foimcd : 

80"3 [-14,0 1 1 1') 

for example, Na^SOj | H.^O 1 Ig^NaoSO^ l-i^Ml 

10. Thiosulphates behave towards zinc or aluminium and hydrochloric 
acid like the sulphites. If treated with pota.ssium or sodium hydroxide and 
aluminium, thiosulphates yield sulphides of the alkali metals (de Koninek), 
(Distinction from .sulphites.) fSodium amalgam reduces thiosulphates to 
sulphides. (Distinction from sulpluti's. Arnold and Ment/.el, Zeitsch. 
UrUersuch. Nahr., 6, 550.) On heating sodium thiosulphate solution with 
finely divided metals, metal sulphides and sodium sulphite are iorined 
i(F. Faktor, Clam. Zenlr., 1905, 1., 1.524). 

11. If thiosulphate is heated with potassium cyanide, sulphite ion and 
thiocyanate ion are formed, 1 S 30"3 \ CN'=yO "3 1 CNS' (Pechmann and 
Manck, Ber., 28, 2576). In solution, a conclusion can be drawn from the 
reaction of the thiocyanate with fenic chloride as to whether thiosulphate 
was originally present. (Distinction from sulphites. Cutmann, Zeitsch. 
anal. Chem., 46, 490.) 

12. Thiosulphate solutions give an intense blue coloration with sodium 
nitroprusside solution, which has been exposed to air and hght until it 
turns brown, or which has been treated with 1 or 2 drojw of potassium 



SEC. 104 


IODIC ACID 


405 


ferricyaniilc and 1 ur 2 drups of sodium hydroxide solution, whicli coloration 
becomes considerably more intense on standing;, on lu'atin^, and on the 
addition of a little potassium ferrocyanide. (Distinction from sulphites 
and tetrathionates. Casolari, Chem. Zevtr., 1011, I., 727.) 

l.‘{. A solution of thiosulphate mixed with an erpial vojume of 10 per 
cent, ammonium molybdate solution and treated witli confcntiated 
sulphuric acid in such a way, that the liquids do not mix, shows a blue ring 
at the point of contact. (This is a very sensitive reaction. b\it is only 
’distinctive in the absence of other reducing substances. Voz'/a Escot, 
Zenfr., lOlIl, 11., 82.) 

14. With regard to the mirrorhonmaJ defertion of thiosnljihuiic acid, see 
ITiiyse, Zeitsch. nnul. Chm., 39, 11. 

If alkali sulpliiU's and thiosulphates are to be detected in the jiresence 
of alkali sulphide, as is often the ease, zinc sulphate solution is tii’st added to 
the solution until the snlphiile is decomposed : the zinc suljihide is then 
filtered oil. and part of the filtrate tested for t hiosuljihatc ion by the addition 
of hydrocliloric acid, or with aluminium to which potassium hydroxide has 
been added; auotlu'r part of tin* liltrate is tested for sulphite ion uith 
sodium nitrojuusside, etc., or, better (as the latter reaction is influenced 
by the pri'senci' of thiosulphates), with strontium chloride. Eor other 
methods of detecting sulphates, sulphides, sulphites and thiosul])hates in the 
pr('sence of <‘ach oth(*r, see Zeihrh. (tfial. ('hetn., 39, Ibl ; //ve/., 46, 490, and 
48, 31, and also lA-ld, Cht ni. Znilr., IS9H, II., H70 ; W'eston, ilniJ,, UllO, 1., 
370. 

Sec. 104. 

3. Iodic acid, IHO;^ (lodnte ion. lOy. 

1. Iodic acid forms colourless, rhombic ciystals, .and its avhudridc, 
IjDjj, is a crystallin<‘, white powder. Both dissolvi' n juldy in water, and at 
a moderate heat decompose into iodine vapom-, o\yg<*n and, in the ca.se of 
the acid, water. Iodic aeid is a very strong acid, and is considerably 
dissociated in aqiu'ous .solution. With leganl to the di.s.sociatio)i constants, 
A- O il) at lij”, cf. the remarks iti Abegg's Ilandhach, 4, 2, .503, 

2, The .SY///.V- iodates .are decomposed on ignition <‘ithei- into oxygen 

and iodide, or into iodine, oxygen and metallic oxide; only the alkali 
iodates are easily soluble in water. • 

3, Barium chloride precij)itat('8 while harium iodale, lhi(T {)^)2 (soluble 
in nitric acid), from .solutions of alkali iodates. 

4. Silver niinUe precipitates while granular-crystalline ffilver iodale, 
AglO^, which dissolves readily in ammonia solution, but oidy to a slight 
degree in nitric acid. 

1). Lead a 4 )elale precipitates trhile lead unlatey l’b(IOa) 2 , wliicli is scarcely 
soluble in water, and dissolves with difficulty in nitric acid. 

6. Hydrogen mlphide precipitates imlwe from a solution of iodic acid 
unlh the simvilaneovs separaluni of 'mlphvr ; the iodine then dissolves in the 
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hydriociio acid formed on the addition of more hydrogen sulphide. The 
liquid is decolorised on the addition of hydrogen sulphide in excess, with the 
further sepai.ition of sulphur, whilst the iodiiu' is romplcff'hj (ionveited into 
iodine ion. Io(,lates aie also decomposed hy hydrogen sulphide. 

7. Sidphur dioxide precipitates iodine, which is converted into iodine 
ion in the presi'uee of an excess of sulphur dioxide. 

8. A boiling saturated .solution of oxohe acid (X'pei.^ ail io<fiiie from 
iodates. 

!). Fhosphorvs, both colourless and red (the lattei’ being particulafly 
active), reduces iodic acid and iodates, even in very dilute solutions, with 
the formation of pliosphate ion and the separation of iodine (I’olacci). 

10. Afany other 7 (daring agents act in the same way as tlio.se already 
mentioned. Thus, lu/drazine salts (not free hydrazine), phospluaoits and 
hypo phosphor on s acids eau.se a se])aration of iodine, even in the cold. 
(Distinction from bromates, which are only decomposed on luxating, and 
from chloratt'S,' which ar(‘ not reduced at all.) Vitali, Vheni. Z<nlr., 1800, 
I., 1083. To dcb'ct iodic acid in nitric acid, tlu* latti'r is jircfcrabiy diluted 
with about 2 vohiiiu'S of watia, a little carbon bi.suljihide or chloroform and 
a droj) of an aipu'ous solution of sulphur dioxidi' added, and the whole 
shaken. Tf iodic acid is present, th(‘ carbon bisulphide or llu' chloroform 
will turn violet, owing to the liberated iodiiU' bisiig absoibcd. An excess 
of sulphur diox'ide must, of coursi', be avoided. 

11. On the ignition of iodab's on charcoal before the tdotrpipc, explosive 
fasiitn (ak(‘s place. 

Second Division. 

Of the first (jronp of in organic acids. 

Si-X’. 10 . 5 . 

Sulphuric acid, (Suljibate ion tS0"4 Juu] Tlydrogen snlphato 

ion, JIS()'4). 

1 . Sutphnric acid at the, ordinary tmnpcratun' is an oily, roloiir- 
lo.ss li(|iiid, which, on cooling, .so]idifie.s into hexagonal cry.stals. 
Commercial ‘‘ concentrated .suljihiirii* acid” (see jip. 18 and 110) 
contains a little water, and therefore doe.s not corresjiond exactly 
to the formula 11.^804. Sulphuric, anhydride (.sulphur trioxide), 
80.3, consist.s generally of a featliery-cry.stalline, white mass, which 
fume.s when expo.seil to the air. Both carboni.se organic. suKstances. 
They combine with water in all proportions, showing a considerable 
increase of temperature the anhydride hisse.s. If, therefore, con- 
centrated sulphuric, acid is to be diluted, it, mii.st be gradually poured 
into the water, and wafer must never be added to concentrated sulphuric 

^ According to Schldttor {Zeitsch. anorg. Chem., 38 , 184), chlorates are reduced 
by hydrazine siilpliate on continued boiling. 
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acid. Sulphuric acid ia a very atron" acid. Tts di-ssociation takes 
place in two staif(‘.s, corresponding^ to the processes : H2S04;^H’ 
d-HS04 and TlSO'^^ll’ I SO,/'. In more dilute solutions sulphuric, 
acid is as ^freally dissocial od as other strong acids. • 

2. The iKMilml sulphuric acid salts, sulphates, are, with the 
exce])ti-)ii of barium, sironlium, calcium ami htad sulphates, easily 
soliibh^ in wat{^r. The basic sulpha! es of heavy metals, which are 
msoluble in water, all dissolve in hydrochloric acid or nitric acid. 
Sulphates arc' mostly colourless or white. The alkali sulphates 
and alkalim^ (varth sulphat(‘,s will resist moderate ignition, but arc 
more or less easily decomposed at a very high temperature. Of the 
remaining sulpliates, many remain undecomposed on moderate 
ignition, wlu'reas this decomposes others. 

.3. Barium chloride jn’oduces in solations contmnhg sulphate ion, 
even when ('xtri'inely dilute, a finch/ pulvernlent , heavy, while pre- 
cipifale. i of barium sulphate, BaS04, scarcely soluble in dilute, liydro- 
chloric and nitric, acids. It is only preci])itat('d from very dilute 
li<|uids after long standing. Concentrated acids and concentrated 
solutions of many salts influence, and a c(‘rlain excess of barium 
chloride increases, the .sensitivemess of the re.iction. {(f the notes 
at the ('11(1 of this section.) Barium suljihate is soliiba' in concen- 
trated sulphuric acid. It. separat(‘s again on dilution with water. 

L Strontium chloride (or nil.rat(') yields a white precipitate of 
strontium sulphate, 8r»S()4 (distinction from thiosulphate ion), 
which is somewhat more easily soluble in acids than is barium 
sulphate. 

5. Lead acetate precipitat(\s lead sulphate, Pb.S()4, as a heavy, 
udiite precipitate, which scarc(‘ly dissolves in wat('r or dilute sulphuric 
acid, still less in alcohol, dissolves with difliculty in dilute nitric acid, 
and is completely soluble in hot concentrated hydrochloric acid. 
It is dissolved by hot. solutions of ammonium acetate or ammonium 
tartrate. 

t). Mercuric acetate and nwrcuric nitrate yield a yellow precipitale» 
of basic mercuric sulphate (turpeth miiK'ral), IIgS04.2Hg0, in 
solutions containing sulphate ion. The reai'tion takes place ini- 
mediat(*ly on boiling, but less rapidly when cold. Halogen salts 
have a disturbing influence, as the precipitate dissolves in solutions 
containing them. The treatment of insoluble sulphates with 

^ A whole series of communications deal with tlie properties of the pre- 
cipitate, its solubility under variou.s oondition.s, the simultanooiis removal of 
other salts on precipitation, eto., which will bo discus8('d more fully in connection 
with quantitative analysis. 
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merciiri(; acotato or solutions also prodiui's a yollow pre- 

cipitate The reaction is also suital)l(‘ for inicroclieinieal detection. 
(Deniges, Chrm. Zoifr., 1918, 1., 771.) 

7. A of hciKulnie in urok lH((lrochh)r>e acid jo'oduces in 

neutral and acid solulio7hs of sulphates a crif.stallinc, white precipitate 
of hen:idine sulphate, which is scarcely soluble in water’. Acids, 
ferric salts, green chroinic .salts and chromate ion inlliu'nce the 
reaction.i The reaction is sensitive, but ojdy indicative of sulphate 
ion when other anions which are spariiigly soluble and yield benzidine 
salts, e.g. tho.se of hydrotluori(; acid or silieohydrofluoric acid 
(Ehrenfeld, Chem. Zeit., 29, 422) are not pre.sent, 

8. The sulphates of the alkaline (‘arth metals, insoluble in water 
and acids, yield alkali .sulphates and alkaline earth carbonates on 
fusion with alkali carbonates ; on similar treatment lead sulphate 
yields lead oxide as well as alkali sulphate. On digestion or boiling 
with concentrated .solutions of alkali carbonates, the sul})]iates of 
alkaline (‘art Innetals and of lead are converted into in.so1ul)le earbonato 
and solubb* alkali sulphate. In the case of barium sulphate, liow- 
cver, repeated boiling with fresh solution is neces.sary for complete 
decomposition. 

9. If sulphates are fused with SOdium carbonate on charcoal in 
the imier blowpipe jla me, or are heat(‘d on charcoal slicks (p. (S8) in 
the lower reduction flame, the sul])luue is reduced and sodium sulphid(‘ 
is formed, which can b(‘ recognised by the. odour of hydrogen sulj)hide 
if the fused ma.ss, together with tin*, piece of charcoal into whicli 
it has penetrated, is moistened and a little acid addt'd. If the 
moistening with water takes jdacn on a bright silver surface (a 
polished coin), a black .s])ot of sihu'r sulphide immediat(‘ly a])pears 
(which, how('ver, is only distinctive in the ab.sence of tellurium and 
selenium com])ounds). As the gas flame contains sulphur compounds, 
the fusion tests in que.stion must be carric'd out with the aid of candles 
or oil lamps. 

10. Witli regard to the microehcitrieal detection of sul])}iate ion, 
ace Hau.shofer, p. 115; Kchrens-Kley, Mikmehanisehe Anah/se, 
3rd cd., p. 168 ; Deniges, Chem. Zentr., 1918, 1., 771. 

Notes . — Of almost all anions, sulphate ion is the easiest to 
recognise, owing to its characteristic and exceedingly sensitive 
reaction witli barium .salts. Care must be taken not to mistake 
precipitates of barium chloride, and ('specially of barium nitrate, 

^ Cf. V. Knorre, ZdMt. nnnl. Chen.., 49, 4U9. 
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which arc produced when acpK'oiis solulions of ihese, nails arc mixed 
with liquids containing much free hydrochloric acid or nitric acid, for 
l)ariinn sulphate. These preci])itate,s (differing from ])arium sulphate 
ill their crystalline character) disapjiear immedialely fm Jilution of 
the acid li(piid with water, and are therefon* very easy lo distinguish 
from barium sulphate. 

^ ^ The habit should be formed in lesting for sulphate ion with 
barium chloride to dilule the liipiid .sufficiently; a little hydro- 
chloric, acid should also be added, as Ibis counteracts the detri- 
mental influence of many .salts, e.g. alkali citrates, and when very 
small (piantities of sulphuric acid are to be defected, the liquid should 
be allowed to stand for several hours in a moderately warm place, 
afl ('r the add if ion of a sufficient exce.ss of barium chloride. The trace 
of barium suljihale whi<*.h has formed will have subsided. If there 
is any doubt as to the nature of I he precipitate formed by barium 
chloriih^ in the presence of fna* hydrochloric acid, a test according to 
9 will d('l<'rmine the point. If small quantiti(‘s of sulphate ion are 
to b(' detected with barium chloride in li({uids wlihfli contain much 
fr(‘e hydrochloric acid or nitric acid, the greater part of the free acid 
should first b<‘ removed by (‘vaporation or by neutralisation with an 
alkali hydroxide. Free sulphuric acid is detectisl in the, presence of 
sul])hates by reducing the li(juid under examination with a little 
cane sugar, and drying it in a porcelain dish at lOO''. If free sulphuric 
acid is present, thcr<^ will b<‘ a black, or in the case of very small 
quanfif ies, a blackish-green residue. Other free acids do not decom- 
pose cane sugar in this way. The naiction can also Ix^ carried out by 
adding a very small quantity of cane sugar, about 0*2 to 0’3 per cent., 
to the liquid and tlum dipjiing a strij) of tilter jiaper, 30 to 40 cm. 
long, into it. Aft('r 24 hours the strij) of ])aper is dried and heated 
at 1(X)". If free, sul])huric acid is present, the paper will have become 
brown to black at the uppi'r edge of I In* moistened portion and often 
quite brittle (Ne.ssler). 

Appendix. 

The reactions for sul})hates arc also obtained with solutions of 
persulphates,as these decomposi' in solution into sulphates, sulphuric 
acid and water. PersulpJniric mid has the formula H 2 S 2 ^^ 8 ’ 
sul])hate ion S 20 " 8 . 

Cold freshly prepared solutions of potassium or ammonium 
pi'rsulphate do not give an immediate precipitation with barium 
cldorida, but barium sulphate is jirecipitated on standing for some time. 
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and at once on boiling. Persulphates can be recognised as sucb 
by their oxidising action. Thus, persulphate liberates iodim from 
neutral solutions of potassium iodide. (Distinction from perborate 
and percarbonato, which only give the reaction on the addition of 
sulphuric acid.) Manganous, niehelous, and cohaltous salts cause 
direct precipitation of higlu'r oxide.s ; on the other hand, pers'idphatcs 
do not decolorise pennatiganafe solutions, or only to a slight extent, 
and do not give the blue coloration with potassium dichromate and 
ether. (Distinction from perborate and percarbonate.) If a 0‘5 per 
cent, alcoholic solution of be7izidi7ie is poured upon a solution contain- 
ing persulphate ion, an intemse blue precipitate is formed at the point 
of contact, and beneath it a brown zom*. This is a very smisitivc 
reaction. (Distinction from chlorates, ])erchlorates, iodates, nitrates, 
perborates, and percarbonates.) Periodates show only a brownish- 
red ring, and do not give a blue precipitate (Monni<T, (liem. Zentr., 

1017. 1., Gt)l). 

A 0’2 per cent, methylene blue solution gives a pinkish-vioh't 
precipitate with alkali persulphates (very sensitive reaction). 
(Distinction from perchlorates, which give a violet precipitate, and 
from chlorates, iodates and periodates. Monni(‘r, ('he)u. Zentr., 

1017. 1., 001. (f also W. Lenz and K. Kicht(‘r, Zeilsch. anal, ('hem., 
50, 5.07 ; E. 11. Ui(*s(*nfehl and W, Ma>i, Ber., 44, 3580.) 

Skc. 100. 

Silicohydrofluoric acid, ll 2 SiF(j (Silicofluoride ion, 8iF"c)- 

1. Silicohgdrojluoric arid is only known in aqueous solution. The 
solution is a strongly acid liquid, which, when evaporak'd in platinum, 
volatilises completely as silicon fluoride and hydrogen Ihioride. When it 
is evaporated in glass, the latter is corroded. The acid forms with bases 
water and silieolluorides, wliieli are for the greater part soluble in water, 
turn litmus red, and, on ignition, decompose into metal fluoride and silicon 
fluoride. An excess of strong ba.ses deeomf)oses the silicohydrofluoric acitl, 
with the formation of fluorides and silicic; acid, or silicates. Silicohydro- 
fluoric acid is conside^rably dis.soeiated, according to the result of con- 
ductivity measurements, in aqueous solution, and is consequently a 
comparatively strong acid. 

2. Silicohydrofluoric acid becomes crystalline by the action of harium 
chloride. (Sec, 34, 6.) 

3. This is not the case with strontium chloride. 

4. It yields a white preeijjitatc on the addition of an excess of lead 
acetate. 

5. Pota-mtim salts precipitate transparent gelatinous potassium silica- 
fluoride, KgSiFg. 
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6. Thmum nitrate, produces a white precipitate. 

7. An excess of precipitates Mlicu'. acid, with tlic formation of 

ammonium Jhionde (citric acid influences or prevents such precipitation, 
(luerry and 'roussaint, dhem. %enfi., l!)(l(], II., 108.5). 

8. If silicolluoiid(‘s arc lu'atcd with conccntratr‘d Adphnric arid, 
hydro<fr'n fluorid(‘ and silicon fluoiido escay)e, formin'' stron" fumes in the 
air ; if thT* O'st is inadc; in a ])latinum vess(‘l covered with gl.ass, the glass 
is etched (Sec. Ill, 0), and the r(\sidu(‘ contains the corresponding sulphates. 
‘!l*ht* vapours, when in contact uith water or ammonia, yield a deposit of 
silicic a( id (Sec. 111,7). 

Third Division. 

Of the Jir.4 f/ronp of imrqanic acids. 

Skc. 107. 

(a) Phosphoric acid, H 3 Pr )4 (Phosphate ion, P0"4, inonohydrogen 

|)h()syihat(‘- ion, IiP()" 4 , dihydrogen pliosydiate ion, Il 2 p 0 " 4 ). 

The ordinary so-cjilled white phosphorus is a colourless, greasy- 
looking, irans})arent, solid suhstance of sp. gr. r.S.'l, whie-h is insoluble 
in water, dissolves slightly in alcohol and ether, and easily in carbon 
bisul[)hid(i. TakcTi iiitern.ally it is (‘xtrcniely poisonous ; it molts at 
boils at but volatilises to a slight <‘xt('nt oven on distilla.- 
tion with water. Phosphorus kept, under water first, bec(unes yellow, 
owing to the action of light, then red, and linnlly becomes covered 
with a wliitt* coating. 

If phosphorus comes into contact with the air at the ordinary 
temyuTat iin^ it, emits a quite characteristic, and very unpleasant 
odour, and forms strong fumes, which are luminous in the dark. 
Tli(‘se are fornu'd by tlie oxidation of pho.sphorus vapour and consist 
of phos])horus yamt oxide, y)hosy)}iorus trioxide, and y)hosy)horus 
vaj)our. If t li(' air is moist., ozone, hydrogen y)eroxide and ammonium 
nitrite are simultaneou.sly formed. I^iiosphorus is very intiammabh', 
and bur?is with a. luminous flame to ydio.sy)horus pentoxide, the greater 
yiart of which spreads in the air as a white cloud. By long exjmsure 
to the light, or more ray)idly by continuous heating at 250“ in a 
vacuum, y)hosy)horus changes into the red, so-called amorphous 
phosphorus. 

When in this condition, it does not change in the air, is not 
luminous, is far less inflammable, is not poisonous, has a sp. gr. of 
2‘1, and does not dissolve in carbon bisulphide. 

Hitric acid and aqua regia dis.solvo wliitc plios})horus compara' 
tiv(4y easily on heating. The solutions .at first contain ions of phos- 
phoric acid as well as those of phosj)liorous acid. H gdrochloric acid 
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dojiH not (liysoIv(‘ pliospliorus. On boiling it with 'potassium or 
sodium hydroxide, or with milk of lime, hypophonpliit e,s and phosphates 
are produced, whilst hydrogen phosphide, which ignites spontaneously, 
escapes. » If ca substance containing wliite phosphorus is placed at 
tlie bottom of a flask, and a strip of paper moistened with a solution 
of silver nitrate is hung in tlie, body of the flask by means obti loosely- 
inserted cork, and then heated at 30° to 40°, the strip of paper will 
turn black, owing to the reducing action of the phosphorus vapours, 
even when the quantity of phosphorus is exceedingly small. On 
boiling the blackened part of the paper in water, after completion 
of the reaction, precipitating the unflccomposed portion of the silver 
nitrate with hydrochloric acid, and then filtering the liquid and 
evaporating the filtrate as conqdetcly as possible on the water bath, 
phosphate ion will be detected in the residue by means of the reactions 
described below (J. Scherer). It should be noted that silver nitrate 
mav be turned black also by hydrogen suljdiide, formic acid, and 
volatile products of putrefaction, and that the deteiition of jihosphate 
ion in the strip of paper is only of value if thi^ paper and the filter 
used for filtering the silver chloride were free from phosphoric acid. 
Further particulars regarding the behaviour of phosphorus will be 
found in Chap. II., See. 207, where the detection of pliosphorus in 
forensic-chemical cases is dealt with ; in particular, the jihenomena 
which appear on boiling the solutions with dilute sul[)huric acid, and 
on introducing them into a hydrogen generating apparatus charged 
with zinc and dilute sulphuric acid arc there discussed. 

With regard to processes devised specially for the detection of 
white phosphorus in matches, ef. F. Schroder, Arheit, Kais. Gesnndh. 
Amt., 44, 1 ; Cheni. Zentr., 1013, I., F)40. 

2. Phosphorus pen f oxide, ])hosphoric anhydriile, 1^^® 

anhydrous condition, is a whit(‘ mass, like snow, wliich deliquesces 
rapidly in the air, hisses on contact with water, in which it is at 
first partly, and gradually completely soluble. Three jiho'^phoric 

^ acids corres])ond to the pentoxide (and also three kinds of salts), 
namely, orthophosphorieaeid, II3FO4 (ion, F()'"4), p'lfrophosphorie, acid, 
H4p2^7 (ion, iy)""7) and metnphosphorie acid (II P03)„ (ion (rO'3)„). 
Since only orthophosjdiates are of common occurrence in nature and 
in analytical work, we describe these oj.ly in detail, and deal more 
briefly with pyropho-sphoric acid and motaphosphoric acid in the 
appendix, 

3. Orthophosphoric acid, H3?()4, consists of transparent crystals, 
which deliquesce rapidly in the air to a syrup-like, non-corrosive 
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solution. On iicating, it is converted, according to the quantity of 
water expelled, into pyro- or metapliosplioric acid : 2if3l’()4 

— H4P2^\ f H2O and 113P04— Hr03+H20. On continuous heating 
in an open platinum })asin, phosphoric acid volatilises ^if it is pure) 
with dilhculty, but completely, hi the form of white vapours, Ortho- 
phosphorje acid is tribasic. It therefore forms three series of salts : 
neutral (normal, tertiary), mono-acid (monohydrogiui phosphates, 
SA^c^ndary), and di-acid (dihydrogen phosphates, primary). The 
dissociation lf;jP04^H'-|-n2p0'4 corresponds to an acid of medium 
strength, the second H* ion is scarcely dissociated, and the third is 
only split off in tlie case of a large excess of Oil' ions. Hcmce, in 
every solution containing orthophosjdioric acid the anions P()'"4, 
111‘U'''4, and lf2P0'4 are in equdjbrium, wliereby the proportion of t he 
quantity of thi‘, individual ions depends on the concentration of the 
H‘ ions. The ion is the weakest, and conse(pU‘ntly the solubility 
of the neutral orthophosphates the smallest. 

4 . Neutral ortho pirn imitates (apart from ammonium phosphate) 
are not decomposed on heating; acid salts and ammonium metal 
ortho])hosphales are converted into pyro- or m('tapliosj)hates, ejj. 
disodium hydrogen jihosphate into sodium ])yrophosphate ; 
magiu'siiim ammonium jihosphate into magnesium jiyruphosphate, 
2Mg(Nll4)r04--Mg2l-*2ll7-hf J monosodiuiu dihydrogen 

phosphate or sodium ammonium hydrogen ])hos])hate into sodium 
metajdiosphate, Na(NH4)lir04--Nar0j-|-NJl3H HoO. Of the 
neutral orthophosphates only those of tlu^ alkali metals are soluble 
in Avater. They undergo hydrolytic dissociation, and therefore have 
un alkaline reaction towards indicators.! If ])yro- or metajdiosphoric 
acid salts are, fused with sodium carbonate, the mass invariably 
contains ort hojihosphates only. 

/). Barium chloride [iroduces in aqueous solutions of neutral or 
nioHihueid alkali phosphates (dialkali monohydrogen phosphates), but 
not in the solution of the di-acid salts (monoalkali dihydrogeii phos- 
jihates), a white precipitate of barium hydrogen phosphate, BaJirU4, 
or neutral barium phosphate, 1^13(1*04)2, which is soluble in hydro-* 
chloric and nitric acids, but dissolves Avith dilUculty in ammonium 
chloride solution. 

(). Calcium sulphate, as also calcium chloride, produces in solutions 

* Disodium hydrogen phosphate also undergoes hydrolytic dissociation. Its 
roewjtion is neutral towards ])henolphthalrin, .slightly alkaline towards litmus, 
and strongly alkaline towards methyl-orange. Mf>dium dihydrogen phosphate 
has an acid reaction towards jdienolphthalcin and litmus, and a neutral reaction 
towards methyl -orange. 



414 BEHAVlOVn OF SUBSTANCES TO BE AGENTS ch. il 


of neutral or mono-acid phosphates, but not in a solution of dihydrogcn 
phosphates or of the free acid, a white precipitate of neutral calcium 
phosphate, Ca3(P04)2, or of calcium hifdrogen phosphate, CaHP04 
-f2H20, which is easily dissolved hy acids, even by acetic acid, if it is 
still amorphous. Ammonium chloride will also dissolve it then. 

7. Magnesium chloride or magnesium sulphate produces in concen- 

trated solut ions of mono-acid all aU phosphates (dialkali monol^ydrogen 
phosphates), often after a long time, a ivhite precipitate of maynesiur. 
hydrogen phosjdiaie, ]\IgHP04-} ; if the liquid is boiled, a 

precipitate is immediately formed of neutral magnesium phosphate, 
Mg3(P04)24-7H20. This latter is also formed on the addition of 
a magnesium salt to the solution of a neutral alkali phosphate. If, 
Imvever, to free phosphoric acid or to a solution contammg an alkali 
phos^ihatc there is added magnesium chlovi^e solution or magnesium 
sulphate solution (to which so much ammonium chloride has been added, 
that on the addition of ammonia it remains clear), and then ammonia 
in excess,^ there is formed, even in the case of considerable dilution, a 
white, crystalline precipitate of magnesium ammonium phosphate, 
Mg(Nll4)P04-l-6Il20, which rapidly subsides, and which is scarcely 
soluble in ammonia solution and only slightly in ammonium chloride 
solution, but is easily dissolv.*d by acids, even acetic acid. The 
precipitate often becomes visible only after some time, but stirring 
assists its separation {vide supra, Hec. .37, 8). The reaction is only 
distinctive when no arsenate ion is present (Sec. bo, 8).- 

8. Silver nitrate precipitates from the solutions of neutral and mono- 
acid alkali phosphates silver phosphate, Ag3p04, as a bright yellow 
precipitate, readily soluble in nitric acid and in ammonia solution. 
(Distinction from pyro- and metaphosphate ion.) If a neutral 
phosphate was contained in the solution, the li(piid, in ^\llich the 
precipitate is suspended, will give a neutral reaction ; it a mono- 
acid salt was in solution, the reaction will be acid, owing to the 
liberation of nitric acid. 

(Na2llP04-bdAgN03— Ag3l^04-|-2NaN034 Jl N 03) 

y. If a considerable (luantity of sodium acetate is first added to a 
phosphate solution which contains no, or very little, free acid, and 
then a drop of ferric chloride added, a yellowish-white flocculent, 
gelatinous precipitate of ferric phosjdiate, FeP044 2H2O, is formed. 

^ This mixture of magnesium salt with ammonium chloride and ammonia is 
also often used as a ready-prcpaicd reagent under the name of “ magnesia 
mixture.” 

^ Or the ions of selenious or tellurous aeids (Sec. Do, 7 and tlO, 0). 
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(An excess of ferric chloride must be avoided, because the precipitate 
is not insoluble in the red complex ferric acetate compound thus 
formed.) This reaction is important for the detection of phosphate 
ion in alkaline earth phosphates, but is only distinctive when no 
arsenate ion is pniseiit, as this behaves in a similar manner. If the 
phosphate ion is to be completely separated as ferric phosphate, 
sufficient ferric chloride should be added to turn the solution red ; 
^t jihould then be boiled (in which process all the ferric ion will be 
precipitated, partly as phosphate, partly as basic acetate), and filtered 
while hot. Alkaline earth chloride will now be contained in the 
filtrate. If, with the aid of this reaction, phosphate ion is to be 
detected in the pn'si'uce of much hu-ric ion, the hydrochloric acid 
solution is boiled with sodium sulphite untd dc'colorised (reduction of 
the ferric, ioji to fi'rrous ioji), sodium carbonate added until the liquid 
is almost neutral, then sodium acetate, and, finally, a drop of ferric 
chloride solution. (This process is based on the fact that ferrous 
acetate solution does not dissolve ferric phospliate.) 

10. If a few e.e. of the solution of ammonium molybdate in nitric 
acid {cf ]). Ill, S('c. 25 , Cl) arc introduced into a tc.st-tiibe, and a 
small quantity of a neutral or acid liquid containing orthophosphate 
ion added, there will be formed at once, or after a very short time in the 
cold, if the quantity of phosphate ion is fairly considerable, a finely 
pulverulent, bright yellow precipitate of ammonium phosphomolybdate, 
(Nn4)3r04(Mo03)i2-f-‘i'H20, which deposits on the shh's and bottom 
of the tube. In the case of exceedingly small <piant ities of phosphoric 
acid, C.7. 0‘0(K)02 grm., several hours must be allowed for the reaction, 
and the solution slightly heated, but not above 4 tC. The liquid over 
the ])recipitatc appears colourless (in the absence of other ('olouring 
substances) after complete sejmration of the precipitate. The above- 
mentioned yellow precipitate is only insoluble in dilute acids in the 
presence of an excess of molybdic acid ; it should be. noted that it is 
not formed by the addition of an excess of phosphate. Not more 
of the solution which is to be tested for phosphoric acid should, 
therefore, bo used than is equals o a third of the molybdate solution,* 
and a Jiiere yellow coloration of the liquid should not be taken as a 
reaction for phosphate ion. Hydrochloric acid, when present in 
considerable quantity, influencivs or prevents the reaction. It can 
easily be removed by evaporation with nitric acid ; certain organic 
substances, such as tartaric acid and reducing substances, also have a 
disturbing effect on the reactioji, and should, therefore, if necessary, 
be removed by fusion with sodium carbonate and potassium nitrate. 
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The precipitate can, after ►settlinj', be easily recognised, even in dark- 
coloured liquids. 1 f it is waslied with the molybdate solution used for 
the precipitation, dissolved in aininonia solution, and magnesia 
mixture added (p. 414, footnote 1), magnesium ammonium phos- 
phate is obtained. 

By adopting tlie above-mentioned procedure, phosphate ion 
cannot well be mistaken for any other ion, for arsenate ion gives no 
precipitate with the molybdate solution in the cold, but if the liipiid 
is heated, and especially if boiled, a precipitate is formed (the liijuid 
above it appearing yellow aftcT some time) ; silicate ion, however, 
gives no reaction at all in the cold, but on heating the liquid a strong 
yellow coloration is produced, but no precipitate. 

11. If mdidlic tin (tin foil) is addcsl to a strong nitric acid [)hos- 
phate solution, the whole 'phosphate ion separates, tofjether with nuia- 
stannic acid, as stannic phosphate, insoluble in nitric acid. (Method 
for separating jihosphato ion from metal ions. Beynoso ) 

According to Werner Mecklenburg,^ it is, in tin; cas(; of this 
precipitation, a question, not of a chemical compound, but of 
adsorption. It is, therefore, possible to prodiu'c the precipitation 
by the addition of colloidal ready-fornuMl stannh; hydroxidiy instead 
of causing stannic hydroxide to be formed first from tin and nitrh; 
acid. Here, as in the jirecipitation with metallic tin, the liquid 
must not contain any appreciabh‘ quantity of hydrochloric acid. 
According to (.lattermann and Schindln'lm,- phosphate ion can b(', 
removed, even in the presence of hydrochloric aci<l with comparat ivc^l v 
small quantities of tin, by precipitating the weak hydrochloric acid 
solution, heated to boiling ])oint, with a conccntratial stannii- chlorhh; 
solution, freshly prepared in the cold (U'5 gnu. phosphoric acid to 

2 to 3 grins, stannic chloride). 

StnaU quantities of phosphate ion jiroduce a precipitatiy which 
is not very suitable for filtration. If the. phosphate ions are to bi* 
removed, U’3 grin, of diammonium hydrogen phosphate should be 
added to the solution before precipitation takes place. 

12. If a finely ground substance containing a pho.sphate (or a 
metallic phosphide) is fused with o parts of a flux consisting of 

3 parts of sodium carhonale, 1 part of potassium nitrate, and 1 jiart. of 
silicon dioxide, in a platinum spoon or crucible, after the substanci^s 
have been thoroughly mixed with one another, the mixture boiled 
with water, the solution poured off, ammonium carbonate added, this 

^ Zfilsch. ami Chem., 52, 293. 

* Her., 49 , 2410 ; ZcUsch. anal. (Jhem., 58 , 205. 
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boiled again, and the silicic acid thus ])rec.ipitatcd filtered, alkali 
phosphate will be present in the solution, and phosphate ion may be 
detected in it according to 7, 8, 9, or 10. 

13. On introducing a substance containing phospha-te i<.)n, which 
has been ignited and powdered, into a small glass tube, drawn out to 
a narrow*diameler and closed at the bottom by fusion, and adding a 
])iecc of w/t^tiesium wire 4 mm. long (or a fragment of sodium), which 
must he covered by the substance under examination, and then 
beat ing the mixture, inaffnemDn (or sodium) phosphide is formed with 
bright incandescence, and the compressed black mass consequently 
emits the characteristic odour of hydrorjcn phosphide when moistened 
with water (Winkelblech, Bunsen). 

14. Aihumin is precipitated neither by a solution of ortho- 
phosphoric a(‘id, nor by a solution of orthophosphates, treated with 
acetic acid. 

lb. With regard to the wicrochemieal defeelion of phosphate ion, 
see Ifaiisbofer, Mihoshopise.he Reahionen. ]) 1()8 ; Behrens-Kley, 
Mih'oehemische Awdyse, .3rd ed., p. 108. 

Seo. 108. 

Appendix. 

{a) Pyrophosphoric acid, (Pyrophos])liate ion, Po0"''7). 

1. A solution of aetc/, when boiled, is converted into one 
of ortbojjbospboric acid. The solutions of the salts may be heated without 
undergoing dcconipo.sition, but if they arc boib'd with .strong acids, the 
pyrophosphate ion is converted into orthopho.sphate ion. By fusing the 
salts with sodium carbonate in excess, orthojihosphates arc obtained. 
Pyrophosphoric acid forni.s only two .serie.s of salts, neutral with the anion 

and acid w ith the anion HaP./)",. Of the neutral pyrophosphates, 
only those of the alkalis are soluble in w ater ; the acid s,alt.s, c.g. NaoHoPaO^, 
are eonverted on ignition, with tho separation of water, into meta- 
phos|)hato.s, NaPOj. 

2. Barivm rhhridr doe.s not jiroeipitate the free acid, hut gives a white 
precipitat-c of harivm pi/rophosphnff, BaoPaO;, soluble in hydrochlorie acid, 
with solutions of the salts. 

3. Silirr nitrate precipitate.s from a solution of pyrophosphoric acid, 
esiiocially on the addition of an alkali. Silver jvfrophtsphate, AgjP>fl 7 j as a 
white, (distinction from orthophospliate ion), earthy precipitate, soluble in 
nitric acid and ammonia solution. 

4. Cupric, sulphate prodnce.s in an acetic acid solution of pyrojdiosphates 
a bluish'whito precij)itate. 

6, Cadmium chloride gives in acetic acid solution a white precipitate, 
insoluble in an excess of the precipitant. (Ortho- and metaphosphates 

27 
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are not precipitated by cupric and cadmium salts under these conditions. 
C. Arnold and G. Wcrnor.) 

6. Magnesium sulphate precipitates magnxisinm pyrophosjyhaiet Mg 2 P 207 . 
The precipitate dissolves on the addition of an excess of pyrophosphate or 
of magnesium salt. It is not preci])itated from these solutions by ammonia. 
(Distinction from metaphosphate ion.) Wlien the solutions are boiled, 
however, it separates. 

7. If h^xaniine -cohall itriclihricle (luteo-eol)alt cliloride), [Co(NH 3 ) 6 ]Cl 3 , is 
added to a not too dilute solution of an alkali jiyrophospliate, a pale reddishr 
yellow precipitate, consisting of lustrous crystalline flakes, is at once 
obtained. The precipitation does not take place in acetic acid solution. 
(Distinction from ortho- and metaphosphate ion. C. I). Braun.) 

8. Albumin is not precipitated, either by a solution of pyrophosphorio 
acid or by a solution of the salts, treated with acefic acid. 

9. Amnvnnurn molybdate, with the addition of nitric acid, at first 
produces no precipitate, but later, yellow^ ammonium jiliosphomolybdato 
separat-es from the liquid in the proportion in which the pyiophosphate ion 
is converted into orthophosphate ion. 

iP) Metaphosphoric acid, (H?() 3 )„ (Metaphosphat<' ion, (PO^)',,). 

1. A whole series of different, mainly polymeric, compounds, corre- 
sponding to the formula (HPO,)^, is termed arid. Dp to 

the present the constitution of eight kinds of metaphosphates have been 
definitely determined, and the acids corresponding to them have, for the 
greater part, been prepared. 1’he reactions which distinguish the 
individual metaphosphates are not mentioned here, and we contine our- 
selves to the remark that th(‘ metaphosphoric acids differ from the ortho- 
and pyrophosphoric acids in that the solutions of metajihosphoric acids at 
once precipitate albumin, w'hilst the solutions of the salts only precipitate 
it on the addition of acetic acid. 

2. A white precipitate is formed by those metaphosphoric acids and 
salts which are precipitated by .nlvtr nitrate. 

3. Magnesium sulphate produci's no ]necipitate, but does so on the 
addition of ammonia. The precipitate dissolves in an excess of ammonium 
chloride solution. 

4. Ilexamine-cobaltitriehbrride produces in an aqueous solution of meta- 
phosphates a brownish-yellow preciyiitate ; the precipitation takes jilaco 
also in acetic acid solution, (xMethod of detecting metaphosphates in the 
presence of the two other phosphates, f!. Arnold and (I. Werner.) 

5. All metaphosphatf's, whem fused with sodium carbonate, in excess, 
yield sodium orthophosphate. 

8 e(;. 109. 

(b) Boric acid, H 3 BO 3 (Metaborate ion, B0'.j). 

1 . Crystallised boric acid {orlhoboric acid), H 3 BO 3 , consists of 
scaly flakes, soluble in wafer and alcohol. On evaporating the 
solutions, a large quantity of Ixiric acid volatilises witli the water 
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or alcohol vapours. The solutions turn litmus red and give a pah 
(when dried, dark) brownish-red coloralion to turmeric paper. When 
heated at 100”, boric acid loses one molecule of water, and is converted 
into meiaboric acid, HBOo ; at 140'’ tetraboric acid Ls forfned, H2B4O7. 
Other “ condensed ” boric acids are also known, which, like the above- 
nientioiifd, arc all formed by water being eliniinated from orthoboric 
acid and the residual molecules combining to form larger complexes. 
On* ignition, boric anhydride (boric trioxide), B2O3, is formed as a 
fusible hygroscopic glass, which resists the action of heat. The salts 
of boric acid (borates) are mainly derived from meta- and tetraboric 
acid (borax, Na2B407.10l4MO), and are not decomposed on ignition ; 
only the alkali borates are easily soluble in water ; their solutions are 
colourless and, owing to hydrolysis, show an alkaline reaction. In 
dilute aqueous solutions borax is completely decomposed by the 
absorption of water into free boric acid and a borate — either NaH2B03 
or NaB02, probably the latter. The process would thus be : 
Na2B4O7-l-3H20=2Na‘-b2BO'2+2H3BO3 (Shelton, Zeitsch. physik, 
Chem., 43, 494). Boric acid is a very weak acid, with the dissociation 
constant A'— 1.7.10-® at 18'’, or 2.3.10-® at 25° for the process 

HgBOa^ir-hHzBO'g, or HBOo^ir+BO's 

2. Barium chloride produces in not too dilute solutions of alkali 
borates a white precipitate, soluble in acids and solutions of ammonium 
salts, of barium borate, the formula of which, on the precipitation of 
metaborates, is BaB2()4-h2H20 ; on the precipitation of tetraborates 
the combination of the precipitate is given as BagBioOis+^HgO 
(H. Rose), but this depends on the conditions. 

3. Silver nitrate, mixed with concentrated solutions of alkali meia- 
borates, yields a udiile (slightly yellowish, owing to the presence of 
free silver oxide) precipitate, 2AgB02-fH2(), whilst from concen- 
trated solutions of /c/r«borates it gives a white precipitate, the com- 
position of which is said to corre.spond to the formula AgoBgOig. 
Dilute solutions of alkali borates give with silver nitrate a hrmcn, 
precipitate of silver oxide, and under certain conditions alkali tetra- 
borates also yield silver metaborate, AgB02 (H. Rose). All these 
precipitates dissolve in nitric acid and in ammonia solution. 

4. On the addition of dilute sulphuric acid or hydrochloric acid 
to very concentrated solutions of alkali borates, prepared ivith the aid of 
heat, boric acid separates, on cooling, as lustrous crystalline flakes. 

5. On treating a solution of an alkali borate or an alkaline earth 
borate mth hydrochloric acid U7itil the reaction is distinctly acid, and 
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dipping into it half of a strip oi turmeric paper, which is.then dried on a 
watch-glass at 100°, the half origimdly moistened will show a character- 
istic red colour (H. Rose). The colour does not disajjpear when the 
paper is dippf.d into dilute acids, as in the case of tlic reaction pro- 
duced by alkaline liquids. If the turmeric paper, coloured red hg the 
horic acid, is moistened with a sol ut urn of an alkali hydrcxide (or 
aninionia), or alkali carbonate, the colour changes to hlue-hlacJc or 
green-hlaeJc ; a little hydrochloric acid will, however, restore Vhr 
brownish-red colour (A. Vogel, 11. Ludwii^). 

This reaction is very sensitive. Care should be taken not to 
confuse the characteristic red coloration with the blackish-brown 
coloration whicli turmeric paper assumes when moistened with some- 
what concentrated hydrochloric acid and then dried, or with the 
})rownish-red coloration which ferric chloride, or a hydrochloric acid 
solution of molybdic, titanic, niobic, or tantalic acids or zirconia 
impart immediately (and to a greater degree on drying) to turmeric 
paper. ^Ihe coloration produced by these substances does not change 
into bluish or greenish black when moistened with alkali hydroxide 
or alkali carbonate solutions. The turmeric reaction Ls particularly 
sharp when the borate solution, acidified with hydrochloric acid, 
is evaporated to dryness on the water bath, with the addition of 2 or 
3 drops of turmeric solution or turmeric tincture. The residue has a 
brownish-red colour. The reaction is inhibited by the presence of 
chlorates, chromates, iodides and nitrites, which salts must, therefore, 
first be removed or destroyed. 

6. Free horic acid and volatile horic compounds produce a green 
coloration in the non-luminous gas-fiame. The coloration becomes 
visible when a borate, after being moistened with concentrated 
sulphuric acid. Is heated on the lower edge of a Bunsen flame on a 
loop of platinum wire. 

7. When alcohol is poured over free horic acid or horates (in the 
case of the latter concentrated sulphuric acid being added in order to 

..liberate the boric acid), and the alcohol ignited, the flame, especially 
when the liquid is stirred, u'ill he coloured a distinct yellowish-green 
by the burning boric acid ethyl ester. The reaction is most sensitive 
when the dish containing the mixture is heated, the alcohol ignited, 
allowed to burn for a short time, extinguished and then ignited again. 
When the alcohol first flares up the edges of the flame will appear 
green, even when the quantity of boric acid Is so small that no flame 
coloration is visible by the use of the ordinary method. Concen- 
trated sulphuric acid should be used, and in not too small quantity. 
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As copi)er salts also colour the spirit flame green, any copper present 
must be removed by means of hydrogen sulphide. The presence of 
chlorides may also lead to mistakes, as the resulting ethyl chloride 
colours the flame bluish-green. » 

The flame coloration of the nielhyl ester of boric acid is also very 
characti.ristic of boric acid. For the purpose of the reaction a short, 
wide, small test-tube, provided with a cork with two holes, should be 
•usT*d, A glass tube bent at right angles is inserted into each of the 
holes ; one should reach nearly to the bottom of the test-tube, the 
other to only just below the cork. The projecting arm of the latter, 
about 5 cm. long, is constricted to about 1 mm. On introducing 
a small quantity of a substance containing boric acid into tlie test- 
tube, adding a little concentrated sulphuric acid and gradually, on 
cooling, a little methyl alcohol, conducting pure hydrogen through 
the small apparatus, and igniting it after the atmospheric air has been 
removed, it will burn witli a green flame, owing to the presence of the 
methyl ester of boric acid, B( 0 CH;j) 3 , and, when spectroscopically 
examined, the flame will show the characteristic boric acid spectrum 
(see 10, Kosenbladt). When using this reaction according to the 
methods of estimation used in the ofiicial examination of meat,i the 
substance to be examined is powdered (i.c. ash formed by ignition 
with alkali hydroxide) with a cold mixture of 5 c.c. of methyl alcohol 
and O o c.c. conccjitrated sulphuric acid, is then jflaced in a small 
distillation apparatus with a further 5 c.c. of methyl alcohol, and the 
methyl alcohol completely distilled on the water bath after standing 
for half an hour. The distillate can then be tested for boric at id in 
an apparatus similar to that described above, through which dry 
hydrogen is passed, and by the use of a platinum wire. There is no 
possibility of confusion with barium and co})per salts in this reaction. 
If, instead of being ignited, the gas, which escapes on distillation 
with methyl alcohol and sulphuric acid, is conducted through a little 
potassium hydroxide solution, free from silicates, this solution 
treated in a platinum basin with hydrofluoric acid, and evaporated 
dryness on the water bath, 'potassium horofluuridc^ KBF 4 , Is formed, 
which remains undissolved when the residue is treated with a solution 
of 1 part of potassium acetate in 4 parts of water. 

8 . On mixing a linely-j)Owdercd substance containing boric acid, 
after the addition of a dro[) of water, with 3 parts of a. flux consisting 
of 4g parts of potassium pyrosulphate and 1 part of finely powdered 
fluorspar, free from boric acid, and introducing the mixture on a loop 
^ Zeitsch, anal. Chem., 47, 18. 
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of platinum wire into tlic outer zone of a Bunsen flame or into the 
point of the inner blowpipe fame, boron fluoride, BF 3 , escapes and turm 
theflanw green, but only for a few moments (Turner). In the case 
of easily decoenposed compounds the reaction may be produced by 
moistening the substance with silicohydrofluoric acid, and introducing 
it into the flame. The sensitiveness of the test may be increased by 
mixing the substance thoroughly with silicon dioxide and fluorspar, 
and heating the mixture in a test-tube, after adding a small piece* oh 
marble, with concentrated sulphuric acid, and allowing the escaping 
gases to penetrate into a non-luminous Bunsen flame through a glass 
tube, bent at right angles, attached to the point of a platinum l)low- 
pipe tube (Kiimmerer). The reaction is speciall)' suitable for the 
detection of boric acid in insoluble silicates containing boron. 

9. On heating a dry substance containing boric acid with an equal 
or half its volimie of ammonium silicofluoride Hn a glass tube closed 
by fusion at the bottom, finally to ignition point, a sublimate of 
mmmnium horofluorid-e, (NH 4 )BF 4 , is obtained, which, when intro- 
duced into the non-luminous flame, gives it a green colour and, when 
dissolved in water, gives the turnwric reaction mentioned in 5 . If the 
substance under examination contains a free acid, it should be treated 
with a slight excess of sodium carbonate (Stolba). 

10. By fusing boric acid or borates wjth sodium carbonate on a 
loop of platinum wire, and heating the bead in the flame of a spectro* 
scope, the spectrum will be recognised (even in the case of small 
quantities of boric acid) as one containing 1 pronounced bright lines of 
equal breadth and at equal distances from one another. Bj is 
yellowish-green and brilliant (according to the Table L, b'l to G 6 ), 
Bg is light green and brilliant (77 to 80), B 3 is pale bluish green 
(89 to 92), and B 4 is very pale blue (104 to 105) (Simmler, M. \V. 
lies). Eder and Valenta put the maxima of the boric acid spectro- 
scopic bands at the following wave lengths : 6397, 620'8, 6030, 
5797, 547*8, 543*9, 517*2, 492*0, 470*9, 452*9 pp. Also when a fin dy- 
powdered substance containing boric acid is rubbed with glycerin 
to a thick jiaste and introduced on a loop of platinum wire into the 
flame of a Bunsen burner, a green flame is obtained, which is very 
suitable for spectroscopic examination (M. W. lies). 

11. For the microchemical detection of boric acid, see Haushofer, 
Mikroskopische Reaktmicn, p. 30; Bchrens-Kley, Mikrochemische 
Analyse, 3rd ed., p. 103. 

^ This can be obtained by careful iieutralisathm of eilicoliydrolluoric acid 
with ammonia and evaporation of the filtrate in a platinum basin. 
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Appendix. 

As supj)lcnientary to the reactions of boric acid, perboric acid, 
HBO3 (Perborate ion, BO'3) may be mentioned. A.8 perborates 
decompose more or less easily into hydrogen peroxide and meta- 
borates, NaB03+ILO^NaBO2-l-H202, they also give the borate 
ion reactions. The oxidising actions of perborate ion are character- 
istic of it. Thus, when treated with 'potassium dichromate and shaken 
with dhvr, it gives a blue coloration to the layer of ether. 

Chrome alum, decomposed with perborate and shaken with 
ether also gives a blue coloration. (Distinction from percarbonates. 
Monnier, Chem. Zenir., 1917 , 1 ., 091 .) . 

Titanium trichloride ))roduces a red coloration. Cerous chloride 
is coloured yellow. 

A neutral, but not an acidilied, 'potassium permamjanate solution 
is decolorised, with tlie sc[Kiration of manganese dioxide. 

Neutral mamjanous, nickdous and cohaltous salt solutions give dark 
precipitates of the higher oxides. 

JV.rborates only liberate iodine from potassium iodide after 
acidification. 

(y. also W, Jjcnz and E. Itichter, Zeiisch. anal. Chem., 50 , 537 . 
Sec. 110 , 

(C) Oxalic acid, II2O2O4 (Oxalate ion, 

1 . Anhydrous oxalic acid. H2C2O4, is a white [)Owdcr ; the crystal- 
lised oxalic acid, 1120204-1-^1120, forms colourless, rhombic rods. 
Both comi)ounds dissolve easily in water and alcohol. Heated 
(pdckly in open vessels, the anhydrous acid is partly decomj)osed, 
without the separation of carbon, and partly volatilised without 
decomposition. The vapours have a very irritating effect on the 
throat. If anhydrous acid is heated in a test-tube, it partly sublimes 
without decomposition. Oxalic acid and its salts are poisonous 
Oxalic acid in aqueous solution is a moderately strong dibasic acid. 
The disso(natioii constant for the process 02f^4 

about 0.1. 

2 . As a dibasic acid, oxalic acid forms mutral and aetd salts 
(oxalates), and also tetraoxalates, which are compounds of one molecule 
of an acid salt with one molecule of oxalic acid, e.g. Ki:IC204-|- 
H2C204-f-2H20. 
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The oxalates are all decomposed on ignition, the anion being decom- 
posed into carbon dioxide and carbon monoxide. Thus, the oxalates 
of the alkali metals, as also of the alkaline earth metals (if they are 
pure and »aretslowly heated), are converted into carbonates (almost 
without separation of carbon) ; magnesium oxalate changes to 
magnesium oxide, even on very gentle ignition ; the salts ^jf heavy 
metals give a residue of metal or oxide, according to the reducibility 
of the metallic oxide. Of the salts of oxalic acid, 1 he neutral oxalates 
of the alkali metals are soluble in water, the acid oxalates dissolve 
loss readily ; magnesium oxalate and a few oxalates of heavy metals 
are also sohibh^ in w^ater. The insoluble metal oxalates form with 
alkali oxalates soluble double salts. 

3 . Barium chloride yields in neutral solutions of alkali oxalates 
a white precipitate of barium oxalate, BaC204-l-H20. This is scarcely 
soluble in water, but dissolves mor(‘. readily in ammonium chloride 
solution, water containing acetic acid or oxalic acid, and easily in 
nitric and hydrochloric acids ; ammonia preci])itateR it from the 
last solutions unchanged. 

4 . Lead acetate produces in solutions of oxalic acid and of alkali 
oxalates a white precipitate of lead oxalate, PbC204, which is sparingly 
soluble in cold dilute nitric acid. Ihe washed precipitate does not 
dissolve in ammonia solution. 

5. Silver nitrate produces in aejueous solutions of oxalic acid and 

of alkali oxalati's a white precipitate of silver oxalate, It 

is only slightly soluble in water, dissolves with dilliculty in dilute 
nitric acid, but easily in concentrated hot nitric acid, as also in 
ammonia solution. When rapidly heated, it fuses explosively. 

6 . Manganous sulphate and manganous chloride produce in 
solutions of oxalic acid and neutral alkali oxalates an almost white, 
crystalline preeijntate of nianyanous oxalate, ]\InC204-|-3H20. 

7 . Lime-water and all soluble calcium salts, as also calcium 
sulphate solution, produce ifi aqueous solutions of oxalic acid and of 
alkali oxalates (even when extremely dilute) ivfiite, j^ulverulenl 
precipitates of calcium oxalate^ CaC204-bir20, and occasionally 
CaC204d-3H20, which are practically insoluble in water, scarcely 
soluble in acetic acid and oxalic acid solution, but dissolve easily in 
dilute hydrochloric and nitric acids. Ammonium salts in no way 
hinder its formation. The addition of ammonia has a considerable 
influence in promoting the precipitation of free oxalic acid by calcium 
salts. In very dilute solutions, the precipitation only takes place 
after some time, but more rapidly on heating. 
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8. Potassium salts, e.y. potasBium chloride, and acetic acid produce 
in concentrated aqueous oxalate solutions a crystalline precipitate 
of 2>otassiuni hydrogen oxalate or telraoxalalc. Its scpaiaiion is 
promoted by the addition of alcohol. The prccip^atc dissolves 
readily in alkali hydroxide solutions and mineral acids. In the case 
of dilute solutions there is no ])recipitation. 

0. If oxalic acid or an oxalate in the dry condition is healed with an 
•excess of concentrated sulphuric acid, the oxalic acid is decomposed, 
with the s('paration of water, and carhon dioxide and carbon monoxide 
are formed, which escape wilh effervescence : 

H2Ci,04-lL0--C0ii fCO 

If the test is made on not too small a scale, the escaping carbon 
monoxnle may he ignited ; it burns with a bluejlamc. If the sulphuric 
acid becomes dark in the (‘onrse of this reaction, the oxalic atdd must 
have been niix(‘d with an organic substance (in the analytical sense. 
('/ 8ec. 99, second paragraph). 

10. On mixing oxalic acid or an oxalate with a little finely- 
powdered manganese dioxide (whicli must be free from carbonates), 
and adding a little water and a f(‘wdro])s of concentrated sulphuric 
acid, there will be; a vigorous effervescence produced by the escapvng 
carbon dixoide, MnO2-['ri202O4-|-]l28O4—Mn8O44'-0O2H 21120. 
hTec oxalic acid will show the reaction without the addition of sul- 
[)}iuric acid, but it will be h'ss sensitive. 

1 1. Oil treating a solution of ferrous phosphate in phosphoric acid 
with an oxalati' solution, tJie li((uid will have a deep yellow colour. 
The sensitiveness of the reaction is increased by gentle heating 
(Ounn). 

12. If solid oxalic acid or an oxalate is treated with a few drops 
of a solution of resorcinol in concentrated, sulphuric acid (about 1 : ltK))> 
and carefully heated until sulphuric acid vapours begin to escape 
(about 130° to 140°), the liquid loill become deep blue. 

13. On dissolving a small crystal (3 to 5 nignn.) of manganous 
sulphate in a few drops of water, adding a drop of sodium hydroxide 
solution, heating the liquid and, when cooled, adding drop by drflp 
the solution which is to lie tested for oxalic acid or its salts (which 
must be free from reducing substances and, if necessary, slightly 
acidified with sulphuric acid) to the manganous manganic hydroxide 
(Sec. 68, G), a red coloration will appear in the presence of oxalate 
ion, as soon as the precipitate has dissolved. This Is a sensitive 
reaction, suitable for the detection of oxalic acid ions in the presence 
of the ions of hydrochloric, sulphuric, nitric, phosphoric, acetic. 
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butyric, valeric, citric, tartaric, lactic, benzoic and salicylic acids, 
and of phenol, and also of small quantities of formic acid (J. F. Sacher, 
Chem. Zeit., 39. 319 ; Chem. Zentr., 1915, L, 1282). 

14. Whenithe oxalates of the alkaline earth metals are boiled 
with a concentrated solution of sodium carbonate and filtered, sodium 
oxalate will be found in the filtrate, and alkaline earth eSrbonate 
in the precipitate. So far as the oxalates of the heavy metals arc 
concerned, it is not always possible to attain the object in view* 
completely by the use of this process, as many of these oxalates are 
partially soluble in alkaline liijuids with the formation of double 
salts, e.g. nickel oxalate. Such heavy metal cations must, therefore, 
be separated as sulphides. 

15. Mdth regard to the microchemical detection of oxalic acid 
or of calcium oxalate, cf. C. Bischoff, Zeilsch. arial. Chem., 22, 633 ; 
llaushofer, Mikroskopische ReaJclionen, p. 81 ; Behrens, Anleihing zur 
mikrochemischen Analyse, 1st ed., vol. 1, p. 39. 


Sec. 111. 

(d) Hydrofluoric acid, HF (Fluorine ion, F'). 

1. Anfiydrous hydrojluoric acid is a colourless li(|uid, which gives 
off strong fumes in the air, boils at 19’4®, and is readily soluble in 
water. Aqueous hydrojluoric acid differs from ail other acids in that 
it is capable of dissolving silicon dioxide, and also of dissolving or 
decomposing silicates insoluble in hydrochloric acid. In the solu- 
tion of silicon dioxide, silicon hydrogem fluoride is prodiujed, with 
the simultaneous formation of water : 8i( >2 +6HF^ -112811^0-1-21120. 
In combination with metal oxides, hydrofluoric acid yields fluorides 
and water. Hydrofluoric acid produces blisters on the skin similar 
to the blister of a burn (often they do not a]) pear for some time), 
therefore care is necessary in handling this acid. In dilute solutiems, 
the behaviour of hydrofluoric acid is that of a somewhat weak mono- 
basic acid. The dissociation constant for the process HF^II'+F' 
is, according to Pick, 7.2. KM In concentrated solutions hydro- 
fluoric acid is materially stronger, owing to the formation of hydrogen 
fluoride ions, corresponding to the equation HF-f-F'^HF^. (Cf. 
Abegg, 4, 2, p. 34 et seq.) 

2, Of i\ic jluorides those of the alkali metals arc soluble in water, 
and their solutions give an alkaline reaction ; those of the alkaline 
earth metals do not dissolve, or only with great difficulty, in water. 
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. Anhydrous aluminium fluoride is not soluble ; on the other hand, a 
modification of the heptahydrate 2AIF3.7H2O dissolves in water. 
Many of the fluorides of heavy metals dissolve with great difficulty in 
water, p.g. cupric, lead and zinc fluorides ; others disfjplvr in water 
without difficulty, such as nickelous and cobaltous fluoride, silver 
antimoiw and stannic fluorides. Many of the fluorides which are 
insoluble in water, or only dissolve with difficulty, form with free 
hydrofluoric acid soluble hydrogen fluorides ; the alkali fluorides 
also coin])ine with hydrofluoric acid : the fluorides of most heavy 
metals unite with alkali fluorides to form double salts. Most fluorides 
do not undergo decomposition when ignited in a crucible ; on being 
evaporuted with concentrated sulphuric acid they are decomposed 
(whilst hydrofluoric acid escapes), and converted into sulphates. 

3 . Silver nitrate does not give a precipitate with solutions of 
hydrofluoric acid and fluorides. 

4 . Barium chloride precij)itates fluorine from an aqueous solution 
of hydrolluoric acid, and more completely from solutions of alkali 
fluorides. The voluminous white precipitate, harium Jluoridc^ 
BaFo’ ])ractically insoluble in water, but dissolves in fairly large 
quantities of hydrochloric or nitric acid ; ammonia does not re- 
])recq)itate it, or only incompletely from these solutions, owing to the 
solvent action of ammonium salts. 

5 . By adding calcium chloride to an aqueous solution of hydro- 

fluoric acid or of a fluoride, calcium fluoride, CaF.^, is obtained in 
the form of a gelatinous precipitate, which is so transparent that at 
first one is a})t to assume that the liquid has remained clear. The 
addition of ammonia j)roniotes a complete separation of the pre- 
cipitate. This is practically insoluble in water and scarcely soluble 
in hydrochloric and nitric acids in the cold, but dissolves more 
readily when boiled with hydrochloric acid. Ammonia docs not 
})roducc a precipitate;, or only a slight one, in this solution, because 
the ammonium salt which has been formed keeps it in solution. 
Calcium fluoride is hardly more soluble in free hydrofluoric acid than 
in water ; it is insoluble in alkaline liquids. * 

6. When a finely powdered fluoride (it is immaterial whether it 
is soluble or insoluble) is treated in a platinum crucible with just 
suflicient concentrated sulphuric acid to form a thin paste, the 
crucible covered with a clock glass of hard glass, the convex side 
of which is covered with a lager of wax, on which 7 narks have been 
drawn with a fine wooden 2>nint, the hollow of the clock glass filled 
with water or ice and the crucible placed on a warm plate, the iuarks 
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willjbe'foiiiid after lialf an lioiir or an hour to be more or less etched, 
which can be elearly seen when the wax has been removed. (To 
replace' the la^^er of wax, the clock glass should be carefully heated, 
a piece oi wa^x laid on it, and, as it melts, evenly spread over it ; to 
remove it, the glass should again be gently heated and the wax 
wi])ed off with a cloth.) If the quantity of hydrofluoric acid^iberated 
by the sulphuric acid is very small, it often ha])pens when the wax is 
removed that the marks are no longer to bo seen, but by brcatlfing 
on the glass the marks become visible again, owing to the unequal 
capacity of the etclicd parts of the glass and those not attacked to 
condense water. As, however, such markings developed by breathing 
may be due to other causes, the conclusion may be drawn from the 
fact that they do not appear, that fluorine ion was absent, b\it the 
a])pcarance of these markings is not necessarily conclusive that it 
was present. In any case, they should not be considered decisive, 
unless they can be reproduced after the clock glass has been thoroughly 
cleaned and rinsed with water, dried and wiped.^ 

The reaction mentioned is not successful in the ])rcsencc of too 
much silicic acid, or when the substance cannot be decojuposed by 
sulphuric acid. In such cases one of the two following methods 
should be used : — 

7. (h\ heating a finely- powdered ioihstance, deconqmaUe by con- 
(X’ntrated sulphuric acid and cordaining Jluorhk (by itself, if it contains 
much silicic acid , 2 or after the addition 0 / fuel y-powde red quartz, if it 
contains little or no sili(;ic acid), with concentrated sulphuric acid, 
silicon fluoride, SiF 4 , escapes, which form thick white fumes in moist 
air, and gives a deposit of silicic acid, 8i(OIl)i, ^vhen brought into 
contact with water or ammonia. If the gas is introduced into water 
by means of a glass tube moistened on the inside, the tube becomes 
opaque from the se])aration of silicic, acid ; when present in larger 
quantity, silicic acid also separates in the water, while the liquid is 
rendered acid by sdicohydrojluoric acid, 

3yiF4+4H20-Si(0II)4-f2H*,8iF6 

For the purpose of detecting small quantities of fluorino by this metliud, 
the substance is heated with eoneentrated sulphuric acid at about 160'^ 

^ The statement of J. Nicklos, that every kind of sulphuric acid, in fact all 
acids suitable for the development of hydrogen fluoride, produce etchings on 
glass was not confirmed by us in the use of clock glass made of Bohemian glass ; 
but it is wiser to ascertain, before using sulphuric acid, whether its vapours alone 
cannot etch the glass. Any hydrogen fluoride contained in concentrated 
sulphuric acid may be easily removed by diluting it with an equal volume of 
water, and evaporating it in a platinum dish to its former concentration. 

* 6/., however, the statements of Daniel quoted below. 
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in a small flask with a cork, through which two tubes arc passed. A slow 
current of dry air is introduced through the one tube {which should rea(’h 
to tlio bottom of the flask), and expelled by the short tube (which should 
terminate below the cork), and through a U-shaped tube, which has a bulb 
at the base containing a drop of water, and the other end df winch is con- 
nected with an aspirator. The silicon fluoride which escapes with the air 
deposits (at the place vvlierc it comes into contact with the water) acid, 
even very small quantities of which may be easily recognised by means of 
thc.above-raeivtioned arrangement of the apparatus. Potassium hjdrogev 
suljjhatp is used in the case of substances, which do not decompose readily, 
in the place of sulphuric acid ; this shoukl be heated continuously until 
fused, after the addition of a little marble (to produce a continuous slight 
evolution of g.as), in a tulx^ of hard glass sealed at one end and connected 
with a further tube for conducting the gas. 1’he silicon fluoride, which 
©scapes in the lirst-mentioned ojieration, may also be introduced for twm 
hours in a slow current into a test-tube containing about 0’3 grm. of aniline, 
dissolved in 15 c.e. of ether and 15 c.c. of alcohol. If fluorine la present, 
a white glittering deposit of silicon jluoroaniline will be formed. If this is 
suspended in the liquid, and three drops of a moderately concentrated 
solution of sodium hydroxide in absolute alcohol added, sodium silica- 
will gradually subside (W. Knop i). The silicon fluoride reaction 
is not always obtained in the case of many minerals containing fluorine 
(Topas) ; it may also not occur with puic fluoi ides if too great an excess of 
the readily attacked modification of silicic acid is prasent. In this case, 
there is formed in the leaction between hydrofluoric acid and the excess of 
amorphous silicic acid, a non-volatile silicon oxyfluoride, the comiK)sition 
of which agrees approximately with the formula; SiO^a (K. Daniel-), 
Oxyfluoride is not produced, or only in quite small quantilias, in the case 
of quartz. Daniel gives the following method of ajiplying the test as being 
the most suitable. The subslance is stirred in a short test-tube with 
3 volumes of fine quartz powder and a little concentrated sulphuric acid, 
until it forms a thin paste. The tube is closed with a perforated cork with 
a groove in its side, through the hole of which passes a glass rod pressed 
out flat at one end and coated with asphalt varni.sh. A small drop of 
water is suspended from the end of the glass rod and held close to the 
reaction mixture, and the tube gently heated over a small flame, wdiereby 
the fluorine present is almost immediately detected by a white rmg of 
silicic acid, iSi(OH) 4 , round the drop of water. The black coating of 
asphalt varnish considerably increases the sharpness of the reaction. 

8, Ifsilwafcs which arc vol decomposed hy snlpharie acid are to Iw 
teMed forjluorhw, they mast first of all he decomposed. This is done ])y 
fusing them with four parts of sodium potassium carhonafe. Tlie mass 
is then treated with water, filtered, concentrated by evaporation, 
allowed to cool, introduced into a platinum vessel, treated with 


1 Chem. Zentr., 1882, 039. 


* Zeitsek. avorg. Ghcm., 38, 257 (1004). 
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hydrochloric acid until it is just acid, and allowed to stand until the 
carbon dioxide has escaped. The liquid is then treated with aiiiiiion ia 
in excels, heated, filtered into a flask, treated while still hot with 
calcium ohlo^ide until silicic acid separates, and the flask then closed 
and allowed to stand. If, after some time, a precipitate (calcium 
fluoride) deposits, this should be collected on a filter and dried, freed 
from admixed carbonate by ignition and extraction with acetic acid, 
atid then tested accord inff to the methods giren in 1) and 7 (H. Ko'P^e)'. 
F. P. Treadwell recommends the following method of separating 
the silicic acid and ju'ecijutating fluorine as calcium (luoride. The 
solution of the fused mass is nearly neutralised with hydiochloric 
acid, treated with a large quantity of ammonium car])onate. slightly 
heated and allowed to stand for 12 hours. After filtration of the 
silicic acid, the liquid is evaporated to a small residue, and phenol- 
phthalein solution added, whercl)ya red coloration isproduced. Hydro- 
chloric acid is now added with constant stirring, until the liquid is 
decolorised ; the mixture is heated until boiling (which causes the 
red coloration to re-a})pear), again 
decolorised with hydrochloric acid, 
and this treatment continued until, 
oil boiling, the liquid is only pale 
pinhj as the carbon dioxide has been nearly all exjielled. After 
the addition of calcium chloride, it is boiled. The resulting pre- 
cipitate, which consists of calcium fluoride and calcium carbonate, is 
ignited on the filter, extracted with acetic acid, and then used with 
concentrated sulphuric acid for the etching test according to 0. The 
method described is suitable for use with other sulistances containing 
fluoride, e.g. the jihosphates containing calcium fluoride (apatite, 
etc.), after the addition of silicon dioxide, for without tliis addition 
calcium fluoride would, on fusion with alkali carbonates, be incom- 
pletely decomposed. 

9. Small quantities of fluorides may also be readily detected in 
minerals, slags, etc., by means of tlie blowpipe. For this purpope, a 
i^inall roll of thin platinum foil is introduced into a glass tube, as 
shown in Fig. 49, and in it is placed the finely ground substance, 
mixed with powdered alkali phosphate fused on charcoal ; the blow- 
pipe flame is then directed so that the products of combustion arc 
conducted into the tube. In this process fluorides yield hydrofluoric 
acid gas, which can be recognised, not only liy its penetrating odour 
and by the fact that the glass tube becomes dull (this is only noticealile 
after the tube has lieen cleansed and dried), but also )»y the yellow 
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coloration given to moist Brazil wood 'pa'per i wlien it comes into 
contact witli tlie escaping acid air (Berzelius, Smithson). In the case 
of silicates containing fluorides, silicon jl nor idc, is produced, ^nd this 
also gives a yellow coloration to moistened Brazil wootlipaper placed 
in the tube, and causes silicic acid to form a deposit. After the tube 
has been \\ ashed and dried, it will a])pear opaque here and there. 
Minerals containing water and small quantities of fluorides, as a rule 
prmliice a yellowcoloration in moistened Brazil wood paper jilaced in a 
tube, closed at one end and heated without further addition 
(Berzelius). 

](). With regard to the methods of detecting small quantities of 
iluorides in rocks, which depemls on the Ideaching action which 
lluorine ion exercises on the yellow coloration given by titanic acid 
solution with hydrogen peroxide (G-. Steiger), reference should be 
made to the Zeihcli. anal. Chem.. 55, 398. 

11. For details of the niieroclieniical detection of fluorine, see 
Haushofer, Mikroskopische Heakiionen, p. bO ; Behrens-Kley, 
M ikrochemiscJie Anali/se, Jlrd ed., [). 177. 


He(\ 112 . 

Snmmarif and Remarks on Acids, Uroap J. 

1. The barium .salts of the acids of the third division of the first 
grou]) are dissolved by hydrochloric acid without the escape or 
separation of the acid (distinction from the acids of the fourth grou]>) ; 
they are, therefore, re-precipitated unchanged by alkali hydroxides, 
as also liy ammonia, when these neutrali.se the hydrochloric acid. 
The barium salts of the acids of the first division of the first group 
behave in a similar manner, and, if present, therefore, must be 
removed before a conclusion can be drawn as to the presence of 
pho.s])hate, borate, oxalate, or fluorine ion from such precipitation of 
a barium salt. But even apart from this, no great value can lie 
attached to this reaction for the identification of the anions mei^ 
tinned, and still less for their distinction from other anions, as some 
of the barium salts in question, especially barium borate and barium 
fluoride, are not precipitated from their solutions in hydrochloric 
acid by ammonia, if the quantity of free acid pre.sent is at all con- 
siderable, or if an ammonium salt is present to any groat extent. 

2. Boric acid is characterised by the coloration which it inqinrts 

’ Prepared hy saturating fine .sized paper with Brazil wood decoction. 
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directly as boron fluoride or as boric acid ester to an alcohol, hydrogen 
or noii-luininous gas flame, as also by its action on turmeric paper. 
The latter reaction is especially suitable for the detection of very 
small tra(;es. ^ It should be noted, however, that it does not take 
place in the })resence of nitrites and salts of other oxidising acids. 
If ions of heavy metals are ]>resent, either a sublimate of an\monium 
boron fluoride must be juvpared in accordance with Sec. 109, 9, or 
the ions which disturb the reaction must be removed by means of 
hydrogen sulphide or ammonium sulphide. If a dilute solution of 
boric acid is to be concentrated, the free acid must be converted 
into borate ion by the addition of alkali hydroxide, as otherwise the 
greater portion of it will volatilise with the water va])Our. Small 
quantities of boric acid may ))e easily and definitely detected by 
spectroscopic examination. 

3, The detection of jthos'phale ion in compounds which dissolve 
in water is not difiicult, and the reaction with magnesia mixture is a 
suitable means. The direct detection of ])hosphate ion in compounds 
which are insoluble in w%ater is, however, not possible by means of 
magnesium salt solution. Ferric chloride is suitable for the detection 
of phosphate ion in salts of the alkaline earth metals, and especially 
for the separation of phosphate ion from the ions of the alkaline earth 
metals (8ec, 107, 9) ; but for the detection of phosphate ion in the 
presence of the ions of aluminium or iron, as also for the detection 
of small quantities of phosphate generally, a nitric acid solution of 
ammonium molybdate is especially suitable. We must, however, 
emphasise the fact that it is essential that the directions be strictly 
adhered to in the case of these two reactions. If phosphate ion is 
present together with the ions of the fourth, fifth, or sixth group, it 
can be separated from them by the method described in Sec. 107, 11 
(by means of tin), or also simply by precipitating them from their 
solutions by means of hydrogen sulphide or ammonium sulphide. 

4. Oxalic acid may always be readily detected by moans of 
calcium sul[)hate solution in aqueous solutions of alkali oxalates. 
Tlie nature of the resulting precipitate, which is insoluble in acetic 
acid, scarcely admits of any doubt, as a similar reaction is only given 
by racemic acid, an acid of rare occurrence. In cases of doubt, 
calcium oxalate may be easily distinguished by gentle ignition in the 
absence of air from calcium racemate, which is decomposed with the 
separation of a considerable quantity of carbon ; calcium racemate 
may also be dissolved in cold sodium or potassium hydroxide 
solution, but this is not the case with calcium oxalate. Further, 
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the behaviour of oxalates towards sulphuric acid or manganese 
dioxide and sulphuric acid is a sufiiciently confirmatory test. The 
oxalate ion is detected with the greatest certainty in insolub^^ salts, 
when they are decomposed by boiling them with a solution cf sodium 
car})onate or by means of hydrogen sulphide or ammonium sulphide 
(Sec. 110 11). Finally, it must be mentioned that there are soluble 
oxalates wliieh are not precipitated by calcium salts, namely, 
chrorfnic oxalate and ferric oxalate. This fact depends on the 
formation of complex anions, the calcium salts of whicli arc soluble. 
Oxalate ion may be detected in them according to See. 110, 9 or 10. 

5. Fluor im ion may be easily detected in salts decomposable by 
sulpliuric acid, but it must be remembered that too large a quantity 
of sulphuric acid has a preventive influence on the ready evolution of 
hydrogen fluoride, and thus impairs the sensitivene.ss of the reaction, 
so that no clear etching of the glass will take place if, instead of 
hydrogen fluoride, only silicon fluoride is formed ; conse(|uently, 
for the sake of certainty in the case of compounds rich in silicic acid, 
one of the reactions mentioned in 7 should be used as well as those 
described in Sec. Ill, 0. Fluorine is often overlooked in silicates 
which are not decom{iosed by sulphuric acid owing to the omission 
of a careful examination according to the methods mentioned in 
Sec. Ill, 8. 

Sec. 113. 

Phosphorous acid, H 2 rH 03 (Phosphite ion, POsH'O- 

1. I’hc anhydride of phosphorotts uciV/, l^O* (phosphorus (rioxide), is a 
^vllUe, sublimable powder, which burns when heated in the air. With a 
little water, it forms pho.sphorous acid, a viscous liquid, which, on standing 
for some time, crystallises and decomposes, when heated, into phosphoric 
acid and gaseous hydrogen pho.sphide, which does not ignite spontaneously. 
Pho.sphorus trioxido is leadily soluble in water, and is jioisonous. Phos- 
phorous acid is dibasic, behaves in aqueous solution in the same way as a 
moderately strong acid, and, on dissociation, is only reduced one stage. 

2. Of the salts (phosphites), those of the alkali metals dissolve readily* 
in v/ater, all the others with difficulty ; the latter dissolve in dilute acids. 
All these salts decompose on ignition, leaving a residue of pyrophosphates, 
while hydrogen or a mixture of hydrogen and hydrogen phosphide escapes. 

3. Silver niirale produces, especially on the addition of ammonia and 
when heated, a precipitate of tnelallic silver. 

4. Mercurous niirale produces under similar conditions a precipitate of 
metallic unercury. 

5. Phosphite ion prcci 2 )itate 8 after some time, more rapidly uhen 

28 
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heated, mrcnroits chloride from a solution containing an excess of mercuric 
chloride. 

6. Parium chloride and cakkim chloride, produce, on the addition of 
ammonia in not too dilute solutions, white ju'ccipitates, soluble in acetic 
acid. 

7. Magucsia mixture gives a precipitate only in somewhat concentrated 
solutions. 

8. Lead acetate precipitates ichite lead ‘lihosphile , insoluble in acetic acid. 

9. A solution of ammoimm mohjhdale in nitric acid produces, on heating, 
a yellow crystalline precipitate, the composition of which agrees with the 
formula (NH 4 ) 2 [HP(Mo 207 ) 3 ]. 2 HoO. Rosenheim, Weinberg and Pinsker, 
Ziitsch. anorg. Chem., 84, 217 ; (dtem. Zentr., 1914, I., 1064. 

10. On boiling a solution of a phosphite with excess of sulphur dioxide, 
pliospliato ion is formed and sulphur separates. 

11. When brought into contact with zinc and dilute sulphuric acid, 
phosi)hitc ion produces hydrogen containing hydrogen phosphide, whieli 
therefore fumes in the air, burns with an emerald green flame, and pre- 
cipitates silver and silver phosphide from a solution of silver nitrate. 
Nitric acid influences the formation of hydrogen phosphide. Jf it is present 
ill small quantity only, a little ferrous chloride should be addc'd first, and 
the zinc after a little w bile. Instead of causing the gius containing liydrogeii 
phosphide to act upon silver nitrate solution, it may be brought into contact 
with filter pajicr saturated with such solution, or sized pajier moistened 
with it (H. Hager). If the quantity of phosphite ion is sniall the silver 
paper will only become black after some hours. It should l>e noted that 
this blackenmg of the paper may also bo caused by hydrogen sulphide or 
hydrogen arsenide. 

Fourth Division. 

Of the first group ofivorgauic acids. 

Se(\ 114. 

(a) Carbonic acid, Jl^co^ (Carbonate ion, C()" 3 , hydrogen carbonate 
ion, IICO' 3 ). 

1. Carbon is a solid, tasteless, and odourless substance. It only 
melts and volatilises at the very highest teniperatiires (Dospretz). 
All carbon is combustible, and when burnt with a constant supply of 
oxygen or air, forms carbon dioxide. In the form of the diamond, 
carbon is crystalline, transparent, colourless, exceedingly hard and 
difficult to burn ; in the form of graphite it is opaque, greyish-black 
in colour, soft, difficult to burn, and grea ly to the touch ; in the form 
of charcoal, obtained by the decomposition of organic substances, 
it is black, opaque, non-crystalline, sometimes compact, lustrous, 
and difficult to burn, sometimes, however, dull, porous, and easily 
burnt. 
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2. Carhonic acid, is not known in a pure condition ; it 

exists only in aqueous solution and deconij)Oses (completely when 
boiled) into water and anhydride. At the ordinary temperature and 
the ordinary air pressure, carbonic anhydride [carbon dioxide, according 
to the old nomenclature, carbonic acid), CO 2 , is a colourless gas, which 
is tnucli heavier than air, so that it may be poured out of one vessel 
into another. Carbon dioxhhi has a faint odour and an acid taste ; 
jt turns moistened litmus paj)er red, but the red coloration disappears 
on drying ; it does not su[q)ort combustion, but immediately ex- 
tinguishes a burning taper. Carbon dioxide is readily absorljcd by 
alkali hydjoxide solution; it dissolves to a considerable extent 111 
water, i'arbonic add walcr has an acid, “prickly” taste, turns 
litmus paper red temporarily, ijiiparts a wine-red colour to litmus 
tincture, and loses its carbon dioxide when shaken in a llask half 
lilh’d \\ith air, and more completely when healed, ('arbonic acid 
belongs lo the very weak acids, larnig about 00 times as weak as 
acelic acid, and only dissociated to about 0’25 ])er cent, in Od 
iV-solution. The dissociation constants are: For the lirst stage 
a|i|)arently ^ -^3.01.10-7^ for tPe second K 2 -- 0 .lO-^h 

3. (*arbonic add forms, as a dibasic acid, normal and acid salts 
(t arbonates and hydrogen carbonates). The carbonates of the alkali 
metals nu'lt on heating, and are slightly decomposed at a high 
temperature ; the carbonates of the alkaline earth and heavy metals 
dccomjiose, on ignition, into carbon dioxide and the oxides of the 
metals. All the carbonates of metals the oxides of which are not 
colour'd are white or colourless. Of the carbonates, only those of 
the alkali metals are soluble in water, and owing to h}'drolysis their 
solutions give very strongly alkaline reactions. Of the hydrogen 
carbonates, those of the alkaline earth metals and of several heavy 
metals, as well as those of t,ho alkali metals, dissolve in water ; their 
solutions are decomjioscd on boiling, with the formation or separation 
of iioi'inal carbonates. 

4. The carbonates arc decomposed by all free acids which arc 
soluble in water, with the exception of hydrocyanic acid ; as a rulet 
this takes place in the cold, but in the case of many of the natural 
carbonates, e.y. magnesite, only on heating. In this proce.ss carbon 
dioxide escapes with ejjervescencc as a colourless, practically odourless, 
gas, which temji)orarily reddens litmus. In this decomposition, espe- 
cially in the case of alkali carbonates, an excess of the acid should 
be used, as the addition of too small a quantity of acid will often 

^ (JJ. A. Thiel and R. Strohockcr, Zcitsch. anal. Chan., 53, 047. 
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not produce effervescence, owing to the formation of Iiydrogen 
carbonates. Substances which are to be tested by this method for 
carbontf'e ioii should first be heated with a little water, so that no 
mistake raay< be made owing to escaping air bubbles. If there is the 
risk of carbon dioxide escaping when boiled with water, lime-water 
should be used instead of pure water. To confirm the fact^that the 
escaping gas is carbon dioxide by a direct test, it should be introduced 
into lime or baiyTa water, or a glass rod dipped into baryta water 
and inserted into the test-tube in such a way that its lower end 
reaches nearly to the li(|uid. If the gas is carbon dioxide, the lime 
or baryta water will become turbid (see 5).i It should be noted that 
lime and baryta water are rendered somewhat turbid even by the 
carbon dioxide contained in the air. 

T), AVhen lime water and baryta water come in contact with 
carbon dioxide or soluble carbonates, they yield wlilc 'prcci])itaies of 
calcium carbonate, CaC 03 , or barium carbonate, BaC 03 . In testing 
lime water or baryta water for free carbon dioxide, an excess of the 
reagents should alw'ays be used, as the hydrogen carbonates of the 
alkaline earth metals are soluble in water. A fter so[)aratiori from t he 
liquid, the precipitates wdiich are formed dissolve in acids with 
effervescence ; no precipitate is formed by ammonia in the solution 
after the carbon dioxide has been completely expelled by boiling. 
For the detection of the minutest traces of carbonate ion, the 
apparatus shown in J^hg. 50 may be recommended, a detailed descrip- 
tion of which is hardly necessary. 

The tube a contains soda-lime ; a fairly large quantity of the 
substance to be tested for carbonate ion is introduced with a little 
w'ater into h, c remaining enq>ty for the time being. The apparatus 
is filled by suction w ith air, free from carbon dioxide, by means of a 
water pump or an aspirator at d, a little lime or baryta water filtered 
into c, and a small quantity of hydrochloric acid poured into the 
funnel, whilst a slow stream of the air (freed from carbon dmxide) 
is allowed to pass through the apparatus and h gently heated. As 
lime-water dissolves very small quantities of calcium carbonate, it 
is advisable to saturate it by digesting it with that salt for some time 
(Welter, Berthollct). 

6. Calcium and barium chloride produce, immdialely with alkali 

^ The sensitiveness of the reaction may be increased by the use of the 
apparatus mentioned by 0. Bossier {Her., 20, 2630), but wo prefer to use the 
apparatus described in 6 in cases in which it is a question of the detection of very 
small quantities of carbon dioxide. 
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carbonates , only on heatiny with hydrogen carbonates {if dilute), pre~ 
cipitates of calcium or barium carbonate, CaCOs, or BaCOg. No 
precipitation takes place with free carbonic acid (a solution of carbon 
dioxide in water). * 

7. An aqueous solution of lead chlorule produces in aqueous 
solutions of alkali carbonates and hydrogen carbojiates of the alkali 
and alkaline earth metals, even when very dilute, a milky white 
precipitate of lead carbonate, PbC03 (M- Schulze). Free carbonic acid 
influences or prevents the reaction. Acetic acid dissolves the 
precipitate. (Distinction from lead sulphate.) 

h. t or the detection of free carbonic acid in the presence of hydrogen 



carbonates, a solution of 1 part of rosolic acid in bfX) parts of 80 per 
cent, alcohol (whi(4i has been treated with baryta water until a 
reddish coloration begins to appear) may b(‘ used. On adding— for 
ijistance, in testing spring water — about O'f) c.c. of rosolic acid 
solution to 50 c.c.. of water, a colourless, or at the most pale yellow 
liquid is obtained if the water contains frco carbonic acid and no 
large ([uantities of hydrogen carbonate ion ; ^ if, however, it contains 
no free carbonic acid, but only hydrogen carbonates, the liquid 
becomes red (M. v. Pettenkofer). Phenolpluhalein behaves in the 
same manner as rosolic acid. A liquid to which phenolphthalein 
has been added, and which contains hydrogen carbonate, but 7io free 
carbon ic add, is red. Free carbon dioxide causes the colour to disappear. 

* J. Tillmans and 0. IIi nMein, Zeitsch, ami. Chem., 61, 601, 
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9. The detection oi free carbonic acid or of hydrogen carhmate^ in 
the 'presence of carbonates is based on the fact that Nesskys ammonia 
reaeUon (see 8cc. 30, 10) does not take place wlien free carbonic 
acid or hydrogen carbonates are present (cf Salzrr, Zeilsch. anal. 
Chem., 20, 227). 

10. For details of the mieroeliemical deteetion of carbonic acid, see 
Hanahofer, Mikroslcopische Realdionen, p. 66; Rehrens-Ivley, 
Mihroshopische Analyse, 3rd ed., p, 167. 

Appendix. 

The reactions of the carbonates are also produced by per- 
carbonates (percarbonate ion, CoO' g)< percarbonates in solution 
are decomposed into carbonate and hydrogen peroxide. 

The oxidising action of percarbonates is characteristic of them. 

When treated with potassium diehronuite and shaken with ether, 
percarbonates give a blue coloration to the layer of ether. They do 
not liberate iodine from potassium iodide in neutral solution, but do 
so on acidification. 

Potassium pennanyanate solution is decolorised, with the separation 
of manganese dioxide ; the separation does not take place in acid 
solution. 

Percarbonates give no reaction with benzidine solution. With 
titanium trichloride, TiClg, they produce a red coloration (Monnier, 
Chem. Zentr., 1917, I., 691). 

With manganous, nickelous, and cobaltous salts, dark precipitates 
of higher oxides are produced. Cerous ehloride is coloured yellow 
(cf. also Lenz and Richter, Zeitseh. anal. Chem., 60, 537). 

Sec. 115. 

(b) Silicic acid, (orthosilicic acid, H 4 Si() 4 , and mctasilicic acid, 
H 2 Si 03 ; orthosilicate ion, Si 0 "" 4 , metasilicate ion, SiO" 3 ';. 

„ 1. Silicon is known in an amorphous and a crystalline modifica- 
tion ; in the amorj)hous condition it is a brown powder, which is 
oxidised on ignition in the air. Crystalline silicon forms black, 
metallic, lustrous octahedra, and remains unchanged on ignition in 
the air. Silicon is not attacked by acids or even by concentrated 
aqueous hydrofluoric acid ; on the other hand, it is dissolved by a 
mixture of nitric acid and hydrofluoric acid ; it is readily dissolved 
by hot solutions of potassium or sodium hydroxide, with the liberation 
of hydrogen and the formation of alkali silicates ; it can be volatilised 



SEC. 115 


SITJCIC ACID 


439 


in a current of chlorine as silicon chloride. Silicon combines with 
many metals to form silicides, which can be decomposed by acids. 
Silicon carbide (carborundum), SiC, is stable on ignition, and is very 
resistant to acids ; it is decomposed on fusion with sodiu?n hydroxide 
or sodium cai'])onate. 

3. Orthosiliaic acid, n 4 Si 04 , and inekmlicic acid, H 2 Si 03 , are 
produced in the form of a gelatinous mass by the hydrolysis of 
silicon fluoride, and by the decomposition of alkali silicates with 
dilute acids ; they are both easily soluble in water and acids, with the 
formation of colloidal solutions ; on dr 3 dng they lose water, and on 
ignition are converted into silicic anhydride, silicon dioxide (Si() 2 )«. 
Silicon dioxide, often called silicic acid according to the older nomen- 
clature, is colourless or white, does not change even in the hottest 
])art of a Bunsen or blowpipe flame, and is infusible. It melts in an 
oxyhydrogen flame. It volatilises at a very high temperature 
( M. (framer, H. Moissan). It occurs in the crystallised (rock crystals), 
crystalline (quartz), and amorphous forms. It is insoluble in water 
and acids (with the exception of hydrofluoric acid, which dissolves 
amorphous silicon dioxide easily, and the crystalline form with more 
difficulty), whereas ortho- and metasilicic acids are soluble in them, 
although only at the moment of separation. Amorphous silicon 
dioxide and the silicic acids dissolve in hot aqueous solutions of 
alkali hydroxides and alkali carbonates ; this is not the case with the 
crystal!] ne silicon dioxide, or only when it is very finely divided 
(0. Lunge and C. Millberg). Ammonia solution dissolves gelatinous 
silicic acid fairly easily, dry silicic acid and amorphous silicon dioxide 
more sparingly, and crystallised silicon dioxide very slightly. Silicic 
acid belongs to the weakest inorganic acids. The salts of silicic acid 
(silicates) are derived from ortho- and metasilicic acid, as also from 
various polysilicic acids. Of the silicates, only those of the alkali 
metals are soluble in water ; they are obtained by the fusion of 
silicon dioxide or silicic acid with alkali hydroxides or alkali car- 
bonates, and owing to hydrolysis give a strongly alkaline reaction^ 

3. The solutions of alkali silicates are decomposed by all acids. 
If a large quantity of hydrochloric acid is added, all at once, even to 
concentrated solutions, the separated silicic acid remains in solution ; 
if, on the other hand, the hydrochloric acid is added drop by drop while 
the solution is being st irred, the greater portion of the silicic add will 
separate in a gelatinoiis form. The more dilute the liquid, the more 
the silicic acid remains in the colloidal condition ; no precipitation 
takes place in very dilute solutions If, however, the solution of an 
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alkali silicate, treated with an excess of hydrochloric or nitric add, is 
evaporated to dryne.ss, silicic add will separate in the proportion in 
which tde add escapes ; tvhen the residue is dried at 100“ and then treated 
with hydrochloric acid and water, ^ the silicic acid is left in the form of an 
insoluble white powder of silicon dioxide (sec 4), If the solutions of 
alknli silicates are treated with ammonium chloride, silieid acid gel 
containing alkali will he precipitated (if the solutions are not too 
dilute) ; heating promotes the separation. Silicic acid is less com- 
pletely separated by ammonium carbonate ; the last traces of silicic 
acid may be removed by boiling the mixture with an ammoniacal 
zinc.ate solution, whereby zinc silicate and zinc hydroxide arc 
precipitated. 

4. Some of the silicates insoluble in water are decomposed by hydro- 
chloric or nitric acid ; others are not attacked by these acids (or scarcely 
so) even when boiled. During decomposition of the former, the greater 
portion of the silicic acid generally separates as gel, less frecpiently 
as pulverulent silicic acid. To separate it entirely, the hydrochloric 
acid solution, together with the precipitate of silicic acid suspended 
in it, is evaporated to dryness, healed, while being stirn^d, at an even 
temperature (slightly exceeding the boiling point of water) until no more 
acid vapours escape, the residue tfioisfened with hydrochloric acid, 
heated with water, and the undissolved silicon dioxide filtered off from 
the acid liquid containing the metal ions. Of the silicates not 
decomposable by hydrochloric acid, many, e.g. kaolin, are complete! v 
decomposed when heated with a mixture of 8 parts of concentrated 
sulphuric acid and 8 parts of water, whilst pulverulent silicon dioxide 
is separated ; many others are, to a certain extent, attacked by this 
mixture. If silicates, which are not decomposed when boiled with 
hydrochloric or sulphuric acid in an open vessel at the ordinary 
atmospheric pressure, are heated in finely powdered form with acids 
in strong glass tubes (clo.sed by fusion) in an air or parallin oil bath 
at 200“ to 210“, most of them arc completely decomposed. 

5. On fusing a finely ground silicate with 4 jjarts of alkali 
carbonate (preferably potassium sodium carbonate) until carbon 
dioxide no longer escapes, and boiling the mass with water, the greater 
portion of the silicate ion mil dissolve as alkali silicate, whilst the 
carbonates of the alkaline earth metals, the earths (with the 
exception of aluminium and beryllium oxide, wliich are more or 
less completely dissolved as aluminate and beryllate ions), and the 
oxides of the heavy metals remain undissolved. On treating the fused 
* Of. p. 3(), 8«*cond paragraph. 
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mass with walcr and {without fih ration) addimj InjdrocMoric or nitric 
acid until the reaction is strowjly acid, and treating the liquid as in 4, 
silicon dioxide remains undissolved, while the metal salts die lolve. If 
tlio inass is fused witli i parts of harimn hydroxide, ’digested with 
water, li^^lroeliloric or iiitrie arid added, and tlie arid solution t reated 
arrordii.g to d, siliron dioxide is also sej)arated. The metal ions, 
esperially tliose of the alkali metals, will then he found in the 
filfrato. 

If a silirate is ground up with 1 part of ammonium chloride and 
8 parts of calrium car])onate, and the mixtuie heated in a platinum 
crucihle, gently at first, and then with a full flame, the silicate is 
decomposed. The solution obtained on treating the residue, left on 
ignition, with hot water contains alkali metal ion.s as well as the 
dissolved calcium ions (,]. L. Smith). 

6. By treating silicon hydroxide with hydrofluoric acid in conren- 
trated aqueous solution or as a gas, silicon fluoride escapes : 

Si02+4TIF=SiF,+2Il20 

dilute acid dissolves it in the form of silicohydrojluoric acid : 

SiO.,+()TIF^IT2SiFo'l-2n20 

On evaporating the solution to dryrwss, there will he no residue if the 
silicon dioxide and the hydrofluoric acid were pure and the latter 
predominated. When .silicates arc treated with hydrofluoric acid, 
silicon iiorides arc formed, Ca 8 i 03 d- 6 HF— CaSiFg-l whicli are 

convei’te.d into sulphates when evaporated with eoncentrated sul- 
phuric aeid, whilst hydrogen fluoride and silicon fluoride escape. The 
re.sulting sulphates may be used as a suitable material for the detection 
of alkali metal ion.s. Further, when a silicate is mixed with ,‘l parts of 
ammonium fluoride or with 5 parts oi fluorspar powder, stirred to a 
]jaste with concent rated, sulphuric aeid, ami heated until vapours no 
longer escaj)e, the silicic acid will all volatilise as silicon fluoride. 
The residue will contain the cations in the form of suljdiate.s, in 
admixture with calcium .sul])hate, when fluorspar was used. 

All the tests described in (i must be carried out in platinum ves.sels, 
and all evajiorations must take place in a fume cupboard or ])referably 
in the open. 

7, When one part of finely powdered silicon dioxide or silicate is 
mixed with about 2 parts of powdered sodium aluminium fluoride 
free from silicic acid, Na^AlFfl, cryolite, or with fluorspar, C'aFg, the 
mixture gently heated (so that it does not spirt) with 4 to G parts of 
concentrated sulphuric acid in a platinum crucible, and a strong 
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platinum wire with a drop of water suspended from its round, freshly- 
ignited loop is held close to the surface, the drop of water will soon 
be coverdl with a white coating of silicic acid, owing to the decom- 
position of th(^ escaping silicon fluoride (Barfoed). (f. Sec. Ill, 7. 

The detection of silicon dioxide by its conversion into silicon^fluoride 
is not particulai'ly sensitive in the examination of quartz, as hydrofluoric 
acid has a very slow action on quartz powder. K Daniel ^ recommends, 
therefore, that every substance to be tested for silicic acid should be fused 
with 3 times its quantity of sodium potassium carbonate. 'Die fused mass 
is taken up with a little hot water and almost completely evaporated with 
dilute sulphuric acid in a platinum crucible. When cold, the residue is 
treated with 3 times its quantity of cahuum lluoridc, a little magnesite, 
and sufficient concentrated sulphuric acid to form a thin paste, the whole 
stirred with a platinum wire, and a small droj) of water placed on the inside 
of the lid, which should be partly coated with asplialt lacquer. After 
replacing the lid, the crucible is heated on an asbestos plate over a small 
flame, and the lid lifted from tiiue to time, in order that the occurrence of 
the reaction may not be mi.s.sed. The reaction becomes noticeable by the 
appearance of a white edge of silicic acid round the drop of water ; in the 
presence of considerable quantity of silicic acid the whole drop becomes 
gelatinous. 

8. On fusing silicon dioxide or a silicate of the alkaline earth 
metals or heavy motals with sodium carbonate o]i a loop of platinum 
wire, frothing takes place in the melting bead, owing to the escape 
of carbon dioxide. The bead obtained with pure silicon dioxide 
is always clear while hot, that produced by silicates only clear when 
they contain a large quantity of silicate ion (as e.g, the felspar 
minerals). The question as to whether the bead remains clear or not 
on cooling depends on the proportional relationship between the 
silicate ion, and sodium ion, or other metal ions. 

9. Melting alkali phosphate only dissolves silicon dioxide in 
small quantities. If, therefore, a silicate (but not precipitated 
amorphous silicic acid), preferably in small pieces or splinters, is 
fused with alkali phosphate on platinum wire, although the cations 
dissolve, the greater portion of the silicon dioxide remains, as a rule, 
undissolved, and floats in the clear bead as a more or less transparent 
mass in the form of the piece of silicate used, forming the so-called 
“ silicic skeleton.'' 

The reaction is not very trustworthy, as many silicates, e.g. 
zeolites, dissolve, forming a clear solution in the bead, whereas 

' Zeiisch. anorg. Chem.f 38, 302 (1904); cf. also J. Petorsen, Zeitsch. anal. 
Chem., 43,919 (1904). 
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various minerals free from silicon show a similar behaviour to that of 
the (iharacteristic “skeleton formation” (K. Haushofer, J. Hirsch- 
wald, Zeitsch. anal. Chcni., 29, 318). 

10. With regard to tlie wicrocheniical (Iciedion of silicic acid, see 
Hausliofer, Mikroskopischc ItraUioncny j). 120 ; Bchrens-Kley, 
MikroclnmUclc, Analyse, 3rd cd., ]>. 100 ; N. Rehoorl, Zeifsch. anal. 
(Jhcm., 48, G72. 

* Sec. 116. 

Snmmary and Remarks on Amds, Group J. 

1. Free carhon dioxide rns v be easily recognised by its behaviour 
towards lime or l)aryta water, and the carhonaies by the fact that when 
treated with acids they evolve an almost odourless gas. Many 
]uitural carbonates, r.fj. magnesite, are only decom})Osed by acids 
when heated. If comjioiinds are being dealt with from which other 
gases are simultaneously developed, the gas should be tested with 
lime or baryta water. 

2. Silicic acid may generally be recognised by its behaviour, and 
that of its salts towards alkali phos])hate (c/., however, the end of 
Sec. Ilf), 9). Moreover, it is distinguished, in the form in which 
it is obtained in analysis, from all other substances, by the fact that 
it is insoluble in acids (with the exception of hydrofluoric acid) or 
in fused })otassium hydrogen sulphate, but dissolves completely in 
boiling solutions of alkali hydroxides and alkali carbonates ; it is also 
distinguished from many others (especially alumina and titanium 
dioxide) in that it evaporates completely when evaporated in a 
})latinum dish with hydrofluoric acid, after the addition of sulphuric 
acid (or with ammonium fluoride and .sulphuric acid). 


Second Group oe Inorgantc Acids. 

Anions which are precipitated by silver nitrate, but not 
by barium chloride. 

Hydrochloric acid, hydrohromic acid, hydriodic acid, hydrocyai^c 
aci(l,ferro- and ferrihydrocyanic acids, thiocyanic acids, hydrosulphunc 
acid, or chlorine ion, bromine ion, iodine ion, cyanogen ion, ferro- 
cyanogen ion, ferricyanogen ion, thiocyanogen ion, sulphide ion 
(nitrous acid, hypochlorous acid, hypophosphorous acid, hydronitric 
acid, or nitrite, hypochlorite, hypophosphite, azide ions). 

The silver compounds corresponding to tlie acids mentioned are 
all insoluble in dilute nitric acid. 
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Sec. 117. 

\ (a) Hydrochloric acid, IICl (Chlorine ion, Cl'). 

1. Clihmw is n. heavy, yellowish-green gas, of an unpleasant 
siifToeating odour, and with an extremely injurious action- on the 
respiratory organs ; it bleaches vegetable colouring matters (litmus, 
indigo blue, etc.), is non-combustible, and supports the combustion 
of only a few substances. Finely divided antimony, tin, etc., ignite 
in it and burn to chlorides. It dissolves in water in considerable 
quantity. The chlorine water thus formed is pale yellowish-green, 
smells strongly of the gas, bleaches vegetable colouring matters, and 
decomposes slowly under the action of light, with the formation of 
the ions of hydrochloric acid and hy[)ochlorous acid, HCIO, the latter 
then decomposing again into hydrogen chloride and free oxygen. 
Chlorine water loses its odour wdien shaken with mercury, in which 
process the latter is partly converted into mercurous chloride ; any 
hydrochloric acid contained in chlorine water may be recognised 
by its acid reaction. Small quantities <A free chlorine may be easily 
detected in a liquid, if the latter is added to ddu1(‘, slightly bluish 
indiqo solution, wldcli loses its colour by tin* n(‘tion of the free 
chlorine ; or (in the absence of nitrous acid and other compounds 
which (leconiposc iodides) if it is added to a dilute solution of 
potassium or zinc mlide, mixed with starch paste, whereby a Une 
coloration appears (see Sec. 110, 11) ; the latter reaction may also 
be carried out with potassium iodide starch paper. Small quantities 
of free chlorine in an acetic acid solution of aniline and o-toluidine 
produce a Une coloration, which turns red on standing. The reaction 
also a])pears when a stri]) of ])aper moistened with the reagent is 
exposed to chlorine vapour. (Free brornim' produces a white ])re- 
cipitate with Ibe reagent.) To prepare the reagent, ItH) c.c. of a 
saturated aqueous solution of aniline are mixed with 1^0 c.c. of a 
saturated aqueous solution of o-toluidine and 3() c.c. of glacial acetic 
acid (A. Villiers and M. Fayolle, Zeitsch. anal. Cheni., 34, 007).^ 
If a strip of paper moistened with a solution of potassium, bromide is 
dried, then dipped into an 0 04 ])er cent, of an ammoniacal alcoholic 
solution of fluorescein, and, when dry, exposed to the vapour of free 
chlorine, the pa])cr assumes a pink coloration, because the bromine 
liberated from the bromide converts fluorescein into eosin (c/. 

^ Ferric chloride and nitrites also produce a blue roloralion (Ellms and 
Hauser, t'hem. Zentr., 1914, II., 500). 
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Sec. 118, 8. D. (iranassiin, C/ism. ZefUr., 1904, L, 1172). On adding 
a solution containing free chlorine to a sulphuric acid solution of 
magenta^ treated with acetic acid, the mixture becomes yellov) ; when 
the liquid is shaken with chloroform, this absorbs 'the coloured 
products. (In the presence of bromine a reddish -violet coloration is 
product'll ) To prepare the reagent, 10 c.c. of a O' 1 per cent, solution 
of magenta is added to 100 c.c. of 5 per cent, sulphur dioxide solution, 
and 25 c.c. of the decolorised solution mixed witli 25 c.c. of glacial 
acetic acid and 1 c.c. of sulphuric acid (G. Deniges and L. Chcllc, 
Chetn. Zen()\, 1913, I., 127). Free chlorine is converted, when 
treated with an excess of ammonia^ with alkaline hydrogen peroxide 
solution, with sulphur dioxide, or with zinc and sulphuric acid, into 
chloride or liydrochloric acid, and then shows the reaction of chlorine 
ion described l)elow. 

2. Hydrogen chloride (hydrochloric acid), 11(1, is, at the ordijiaiy 
temperature and atmos 2 )hcric pressure, a colourless, suifocaling 
and irritating gas, which is readily soluble in water and forms dense 
fumes in moist air (especially with ammonia vapour). The concen- 
trated aqueous solution (fuming hydrochloric acid) loses a large portion 
of its gas when heated. Aqueous hydrochloric acid is the typical 
strong acid. It is dissociated to the extent of about 92 per cent, in 
O'l A'-solution, even at 18'". 

3. The salts of hydrochloric acid (chlorides) are easily soluble 
in water, with the exception of lead, silver, cuprous, mercurous, and 
thallous chlorides, as also bismuthyl chloride and antitnonyl chloride. 
All chlorides wliich dissolve with diliiculty are, with the exception 
of silver chloride, dissolved by a<pia regia. Most chlorides arc white 
or colourless, many volatilise on heating without decomposition, 
others are decomposed on ignition, and mai\y resist the action of a 
moderate ignition temperature. 3'hc dry soluble chlorides are decom- 
posed by concentrated sulphuric acid, with the evolution of hydrogen 
chloride gas, since sulphuric acid, although somewhat the weaker 
acid, is much less volatile than hydrochloric acid. In the same way, 
dissolved cldorides are converted into sulphates on evaporation with 
sulphuric acid, whilst hydrochloric acid escapes. 

4. liydrochloric acid and nearly all solutions of chlorides yield 
with silver nitrate, even when very dilute, a while precipitate of silver 
chloride, AgCl (cf Sec. 70, 8), which becomes first violet and then 
black in the light, is insoluble in dilute nitric acid, but readily soluble 
in ammonia solution, and in potassium cyanide and potassium 
thiosulphate solutions ; this precipitate dissolves also in a boiling 
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solution of aminoniuni sesquicarboiiatc i (H, Hager), and melts on 
heating, without decomposition. Chlorine ion is incompletely pre- 
cipitated by silver nitrate from a solution of green chromic chloride 
(Peligot}^ aiK? of mercuric chloride; it is not ])recipitated from a 
solution of molybdenyl chloride, M 0 O 2 CI 2 , in siil[)huric acid (Blom- 
strand). In the case of strong reducing compounds such a<i ferrous 
sulphate, the test for chlorine must be carried out with silver nitrate 
in strong nitric acid solution, as otherwise a separation of metallic 
silver will occur ; it is best to precipitate it from such a solution with 
sodium carbonate, to filter the li(|uid, to test the filtrate with silver 
nitrate after acidification with nitric acid. Silver nitrate precipitates 
from auric chloride solution, even in the presence of nitric acid, an 
ochre-yellow double compound, containing silver, gold, and chlorine, 
riatino-hydrochloric acid behaves in a similar manner. 

T). Mercurous nitrate and lead acetate produce in solutions con- 
taining free hydrochloric acid or chlorides precipitates of mrrenroH-s 
cJdoridf , HgoPh, and le<(d chloride, PbC'L- Por the proper! ies of these 
precipitates, see Secs. 71. 0, and 72, 1). Lead acetate precipitates auric 
lead chloride from auric chloride solution. 

6. When a mixture of one volume of !0 per cent, cnpric sulplmle 
solution and 10 volumes of comentrafed sulphuric acid is treated wil h 
a few drops of a chloride solution, a yellow ]>reci])i(ate is fornu'd 
(bromides give a black precipitate (Cf. Viardj. 8ce 8ec. 7^, 13). 

7. Elementary chlorine is liberated from hydrochloric acid and 
chlorides by oxidising reagents, such as poUmium dichroinafe, 
potassium jjerufmwjanate, and the peroxides of hcnvjf metals (cf Oxida- 
tion, Sec. 10). Thus, on heating hydrochloric acid with manganese 
dioxide (black oxide of manganese) or lead peroxide, or on heating 
chlorides with manganese dioxide or lead peroxide, and fairly concen- 
trated sulphuric acid, chlorine (jas is evolved, which can be easily 
recognised by its yellowish-grccn colour, its odour, and its bleaching 
action on vegetable colouring matters. To identify the gas, a strip 
of moist litmus paper, or moi.st paper coloured with indigo solution, 
should be exposed to its action. On heating chlorides with manganese 
dioxide or lead peroxide and acetic acid, no chlorine is liberated. 
(Distinction from bromine and iodine.) In the oxidation of hydro- 
chloric acid by nitric acid, tliere is formed, in addition to free chlorine, 
nitrosyl chloride, 3HCl-l-HN03=^Cl24-N0Cld-21l2O, owing to 

1 To prepare tliis, one part of conimcrcial transparent ammonium carbonate 
is dissolved in 0 parts of water at the ordinary temperature, and to each 10 c.c. 
of the liquid 6 drops of aqueous ammonia solution of s]). gr. 0’9G are added. 
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by-reactions. A mixture of one volume of concentrated nitri(j acid 
and tlirce volumes of concentrated hydrochloric acid is termed aqua 
regia, owing to its power to dissolve gold and platinum. Its strong 
oxidising action is due to the fact that chlorine is present in ’^ts nascent 
condition (sec See. 16, p. 63). 

8. ^hen a solid chloride is ground with half its weight or a little 
more of potassium dichromate, the ivhole dry 7nixture ^ covered in 
a ^mall dry retort provided with a tubulurc with coiicenl rated sulphuric 
acid and gently healed, chromyl chloride, ( VO2CI2, is formed as a deep 
hrownish-red gas. It condenses to a liquid of the same colour, and 
distils into the receiver. Jf this distillate is mixed ivith an excess of 
ammonia, a liquid, coloured yellow by the ammonium chromate, is 
obtaiiied iji accordance with the equation : 

(h()2(l-h4NH4()H-2NJl4C:i-h(NJl4).,rr()44-2il20 

This yellow colour turns reddish-yellow on the. addition of acid, owing 
to the forjnation of dichromate ion. As a further confirmation, the 
solution may he poured into hydrogen peroxid(‘. solution with a layer 
of ether over it, and shaken, when the ehromate ion will he n'cognised 
by th(‘. blue coloration of the layer of ether. The detection of chromate 
ion indicates the presence of chlorine ion, as no volatile chromium 
compound can be formed without chloride. In testing iodides for 
chlorides, the use of alkali hydroxide solution is preferable for the 
decomposition of tlie chromyl chloride, as iodine forms explosive 
compounds with ammonia. Sparingly soluble chlorides, such as 
silver and mercurous chloride, and also mercuric chloride, do not 
form chromyl chloride ; its formation is inlluenced by the presence 
of nitrit(?s, nitrates, and chlorates. 

9. Chlorine ion is detected in chlorides which are insoluble 
in water and nitric acid, by boiling them with sodium carbonate 
solution or fusing them with an alkali carbonate (preferably sodium 
carbonate). Water will then extract the resulting alkali chloride, 
together with the excess of alkali carbonate from the fused mass. 
Silver chloride is only decomposed by fusion, or by treatment with 
zinc and dilute sulphuric add. 

10. Many non-electrolytes, such as the acid chlorides (PCI3, 
ASCI3, etc.), which do not show the reactions of chlorine ion, are 
decomposed by water with the formation of hydrochloric acid, and 
may then be detected as such. Organic chloro-substitution products 

^ The reaction is only successful in the absence of moisture, as otherwise the 
chromyl chloride would be decomposed. 
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should be treated according to the methods of organic analysis, that 
is to say, either fused with alkali carbonate or ignited with lime, 
or else heated with nitric acid and silver nitrate in a glass tube 
closed by^fusion, at a high temperature, whereby silver chloride is 
formed. 

11. On dissolving sullicient cupric oxide on a platinum wire in 
the oxidation area of the gas flame in a bead of alkali phosphate, 
so that it becomes nearly opacpie, then bringing a trace of a substance 
containing chlorides into contact with the still fused bead, and heating 
it in the reduction area of the flajiie, the bead will be surrounded 
with a fine blue fimne, shading into purple, so long as chloride is 
present (Berzelius). 

12. AVith regard to the mierochemicul deieiiion of chlorine ion, 
see Haushofer, Mikroakopkche Rcuktwnen, p, 17 ; Behreiis-Kley, 
Mikrochcmiichr Anahjse, 3rd ed., p. 172 ; A. Bercy Hmith, Pliarni, 
ZoUralh., 27, 038. 

8e(:. 118. 

(b) Hydrobromic acid, lIBr (Broiuinc ion. Br'). 

1. Dioininc is a heavy, dark brownish-icd Inpiul. Jt has a very 
unpleasant odour, similar to that of chlorine, boils at 03 ', and 
evaporates rapidly, even at the ordinary temperature. Bromine 
vapour is brownish-red and very poisonous. Bromine, like chlorine, 
bleaches vegetable colouring matters ; it dissolves fairly easily in 
water, more readily in concentrated hydrochloric acid and in alcohol, 
and very easily in ether, carbon bisulphide, and chloroform to form 
yellowish-red solutions. Ether, carbon bisulphide, and chloroform, 
when shaken with an aipieous solution of bromine, extract the 
bromine from it. Bromine water, like chlorine water, is decomposed 
by the action of light ; when shaken with mercury, the free bromine 
is absorbed, and any h)'drobromic acid present ma)- then be detected 
by the acid reaction. Free bromine is converted into hydrobromic 
acid in the same way as free chlorine into h}-drochloric acid (cf. 
Sec. 117, at the end of 1). 

2. Gascoua hydrogen bromide, lIBr, aqueous hydrobromic acid, and 
the bromides closely resemble in their general behaviour the corre- 
sponding chlorine compounds. Hydrobromic acid is a strong acid, 
and, at all events in aqueous solution, is as strongly dissociated as 
hydrochloric acid ; it is more easily oxidised than the latter, and 
even on standing in the air it slowly turns yellow. Hry bromides, 
or their concentrated solutions, when treated with concentrated 
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sulphuric acid, evolve hydrogen hromide, which partially reacts 
with sulphuric acid to form sulphur dioxide and free hromme, 

3. Silver nitrate produces in arjueous solutions of hydyobromic 
acid or bromides a yellowish-wliitr yrecipilafr of silver' l/romide, 
AgBr, which turns grey in tbe light, is insoluhlc in dilule nitric acid, 
and scarcely soluble in a boiling solution of ammonium sesqui- 
carbonatc (H. Hager) ; see, p. 44fi, footnote. Aqueons anwtonia 
solnhon dissolves silver hroniide, hit! with qreater diffieultq than silver 
chloride. Silver ])romide dissolves readily in potassium cyanide and 
sodium tbiosu]])hate solutions. 

4. Palladoas nitrate, hut not palladoas chloride, 2 )roduces in neutral 
solutions of })romides (immediately if tlu'.y are concentrated, after 
standing if very dilute) a reddish -brown precipitate oj palladons 
bromide, PdBr^. 

5. Hydrobromic acid and bromides are oxidised by many oxidising 
agents with the liberation of luoniine. Thus, nitric acid decomposes 
hydrobromic acid and the bromides (with the exce])tion of silver 
bromid(‘) when heated, and liberates bromine. In the case of a solution 
the bromine colours it yellow or reddish-yellow ; if the bromide was 
])resent in solid form or in concentrated solution, brownish-red, or, 
if dilute, brownish-yellow bromine vapours escape, simultaneously, 
which vapours, if in sulFicient quantity, condense <o small drops in the 
cooler paits of the test-tube. In very dilute solutions of bromides 
bromine is not liberated in the cold, either by nitric acid, even red 
fuming acid, or by a solution of nitrous acid m conccyU rated sulphuric 
acid, or by hydrochloric acid aud potassium nitrite (free from nitrate). 

0. Chlorine gas or chlorine water ininwdiately lilwrates bromine in 
solutions of bromides, whereby the liquid becomes yellowish-red if 
the quantity of bromine is not too small. A large ex(*ess of chlorine 
should be avoided, because it causes the colour to disappear, or nearly 
so. This is an oxidation ])roce.ss, in which the bromine ])lays an 
elect ropo.sitive part. Until recently it was assumed that bromine 
chloride was formed. The researches of la'beau and von Karsten 
have proved, however, that this compound does not exist [ef. Abeg^, 
Jfandb. anonj. (hem., 4, 2, 21)r)). 'I’his reaetion is much more .wnsitive 
if a liquid is added which can absorb the bromine when shaken, and 
which does not mix with water, especially carbon bisulphide or 
chloroform. The neutral or slightly acid solution should be treated 
in a test-tube with a small (piantity of one of the liquids luentioned, 
so that a larye drop forms at the bottom, and then dilute chlorine 
ioater added, drop by drop, and Iht whole shaken. In the case of any 

29 
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material proportion of bromine {e.g. 1 bromine : 1000 water) the 
carbon bisulphide or chloroform ivill become reddish-yellow ; in the 
case of yeiy small quantities (1 bromine ; 30, (.XX) water) the colour 
will be faint yellow, ^ but still recognisable. 

Ether, which was formerly used, is far less suitable for this 
reaction. A larqe excess of chlorine water should he avoided'in these 
tests ; the chlorine water should be tested by shaking it with water 
and a little carbon bisulphide or chloroform to see whether it remains 
colourless (that is to say, free from bromine). Only when this is the 
case can the chlorine water be used. On shaking and heating the 
solution of lu’omine in carbon bisulphide, chloroform (or ether), with 
a little alkali hydroxide solution, potassium bromide and potassium 
bromate will be formed in tlie solution, and consequently the yellow 
colour will disappear. On evaporating the solution and igniting the 
residue the potassium bromate is conv(‘rted into potassium bromide. 
The ignited mass can then be subjected to further tests according to 7. 

7. On heating bromides with manganese dioxide or lead peroxide 
and sulphuric acid (concentrated or dilute), brownish-red bromine 
vapour is liberated. In the presence of chlorides dilute solutions 
must be used to avoid the decolorisation mentioned in G. When 
heated with manganese dioxide and acetic acid, bromides do not 
produce bromine, but they do so when heated with lead peroxide and 
dilute acetic acid (Vortmann) ; also when heated with potassium 
permanganate and acetic acid. In the case of very small quantities 
of bromide, the colour of the escaping bromine vapour is not visible. 
If, however, mixtures which produce bromine vapour are heated in a 
small distillation apparatus, and the vapour passed through a long 
glass condensing tube, the colour of the bromine va[)Our will, as a 
rule, be visible on looking lengthways down the tube ; the first 
drops of the distillate are also of a yellow colour. 

8. For the detection of free bromine in vapours or solutions, use may be 
made of the colour reactions which it gives with organic substances. Thus, 
•tnoisl starch turns yellow on contact with bromine vapour (but this reaction 
is not very convenient). To detect traces of free bromine, fluorescein paper 
may be used, the yellow colour of which is turned to pink by bromine 
vaix>urs, owing to tiie formation of eosin. To prepare the paper, strips of 
paper are soaked with a solution of fluorescein in 40 to 50 per cent, acetic 
acid, dried and slightly moistened again before use. Fluorescein paper 

1 The reaction does not take })lace in hydrobromic acid solutions containing 
alkaloids, owing to the formation of bromination products. The alkaloids 
should be removed, therefore, by sodium hydroxide or carbonate, etc. (A. Weller, 
Zeitsch. anal. Ghem., 26, 740). 
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keeps better if it is prepared with a 0‘04 per eciit. aleoholie fluorescein 
solution, wJiich l)as been treated with 2 or 3 drops of ammonia solution. 
Bromine may bo detected in the presence of chlorine by the fact that the 
colourless i>aper is turned red by ammonia vapour ; this cole ur does not 
disappear even on contact with acetic acid vapour. Ammonia vapour also 
produces a faint red coloration in the presence of chlorine alone, but this 
disa])])?ajH in the air, and especially on contact with acetic acid vapour. 
In the case of mixtures of solid salts, the bromine can be liberat<‘d by means 
of red lead and acetic acid (1). Canassini, ('hem. Zenir., 1904, I., 1172), 
If mucli fj’cc chlorine is piesent in addition to a little bromine, no reaction 
will result ; in such a case the halogens must first be converted into 
bromide and chloride, and the bromine liberated from the mixture of salts 
by means of a suitable oxidising agent (a saturated cupric sulphate solution 
treated witli permanganate without heating). The reaction may be carried 
out in a test-tube, or in the case of more delicate tests in a distillation flask, 
into w'hich a cur]’(mt of air is introduced, and into the outlet tube of which 
a piece of moistened fluorescein ])aper is inserted. Iodides, if present, have 
no disturbing influence if they are first converted into iodate by heating 
them with permanganate (H. Baubigny and P. Rivals, (Jhem, Ztntr., 1904, 
I., 212). 

On treating a mi^cnfa solution y previously reduced by means of sodium 
hydi'osulpliite and hydrochloric acid, with a few drops of bromine water, a 
deeji bluisli-vi(jlet coloration is produced ; iodine water produces no colora- 
tion ; with chlorine water the colour is yellowish- brown and occasionally 
red. This reaction is also suitable for the detection of bromine in the 
presence of iodine and chlorine ; it is very sensitive and is particularly 
sharp if paper saturated with the reagent is exposed to bromine vapour. 
To detect alkali bromide in the presence of chloride and iodide, the mixture 
of salts should be dia'^olved in a little water in a small flask or beaker, 
treated with a f(‘w cubic centimetres of a 15 to 25 per cent, chromic acid 
solution, and the paj^er moistened with the reagent exposed to the resulting 
vapour. Other dyestuffs also give characteristic reactions ; thus, a solution 
of Hofmann's violet decolorised by means of a hydrogen sulphite and hydro- 
chloric acid is coloured deep blue by bromine, the reaction occurring also 
in tlie presence of iodine and chlorine. If the reaction is to be used for the 
detection of bromine ion in the presence of cyanogen, ferrocyanogen, ferri- 
eyanogen or thiocyanogen ions, the bromine must be liberated by means of 
chromic acid (J. Guarcsehi, Zeitsch. anal. Chcm.y 52, 451, 538, 607 ; 

490). 

9. On pouring conceniratfd sulphuric, acid on to a miseture of 
hromidf and potassium dichronuiie and heating it, pure hromine will be 
produced, but no chromium compound, as in the case of chlorides ; 
the liquid which distils, therefore, becomes colourless and not yellow 
when treated with ammonia solution in excess. Bromine may also 
be removed from solutions when heated with potassium dichromate 
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and sulphuric acid ; on the other hand, bromine is not liberated from 
solutions in the cold or with dilute 8ul])hiiric acid. 

10. On treating a solution of hydrogen bromide or the solution of 
an alkali bromide wuth a little auric chloride solution, a straw-coloured 
to dark oranfje-red coloration will appear, owing to the formation of 
auric bromide If an iodine compound is present it must be p moved 
before ])roceoding witli the reaction (Bill). 

11. For the detection of bromine ion in wetal hromides insoluble 
in water and nitric acid, the salts should ])e f.reated in the same way 
as the corresponding metal chlorides ; in the case of non-electrolytes 
containing bromine and organic bromo-snbstitution products, the 
instructions given in 8ec. 117, 10, in connection with chlorine, should 
be followed. 

12. A bead of alkali phosphate saturated with cupric oxide and 

treated with a substance containing bromine, when ignited in the 
inner gas or hlow'pi'pe jlaim, (/ires the flame a blue colour bordering on 
green, especially at the edges (Berzelius). 

13. With regard to the niicrochemical deii^ciion of bromine ion, 
see Behrens-Kley, Mikrochemische Analyse, 3rd ed., p. 174 ; A. Percy 
Smith, Pharm. Zentralh., 27, 038 ; Fi. Pozzi-Escot, Chenh Zentr., 1007, 
IL, 1355. 


Sec. 110. 

(C) Hydriodic acid, III (Iodine ion, P). 

1. Iodine is a solid, soft substance, as a rule lustrous, usually 
c^}^stallising in tablets, and having a characteristic unpleasant odour. 
It melts at 114®, boils at over 200°, and gives off violet iodine vapour, 
which, on cooling, condenses to a black sublimate ; it volatilises 
very appreciably at the ordinary temperature, and is also volatile 
with steam. It dissolves but slightly in water (the solution is light 
brown), but easily in alcohol, ether, carbon bisulphide, chloroform, 
and also in aqueous potassium iodide solution, and in hydriodic acid. 
Tfie solutions in alcohol, ether, hydriodic acid, and potassium iodide 
solution are a dark reddish-brown, those in carlion bisulphide and 
chloroform are violet-red. Iodine bleaches vegetable colouring 
matters slowly and slightly ; its vapour turns moistened red litmus 
paper lavender-blue ; it colours the skin brown ; with starch it 
forms an extremely intense dark blue compound or colloidal solution. 
This is always produced when iodine vapour or a solution containing 
free iodine is brought into contact with starch, preferably starch 
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paste.^ It is decomposed by alkali hydroxide, chlorine, and bromine, 
as well as by sulphur dioxide and other reducing agents. 

2. Hydrogen iodide, HI, is a gas similar to hydrogen chloride and 
hydrogen bromide, and soluble to a considerable extent in water. 
The colourless aqueous hydriodic acid rapidly turns reddish-brown 
when contact with the air, whilst water and a solution of iodiiie 
ill hydriodic acid are formed. Hydriodic acid is also a strong acid, 
and in this respect its behaviour is analogous to that of the two other 
halogen acids. 

3. The iodides, too, correspond in many respects to tlie chlorides. 
A great number of the iodides of heavy metals are, however, insoluble 
in water. Many, as, for instanee, lead iodide, mercurous and mercuric 
iodides, have characteristic colours. 

1. Silver nitrate produces in aipieous solutions of liydrogcn iodide 
and the iodides yellowish-white precipitates of silver iodide, Agl, 
which turn black in tlie light. This precipitate is insoluble in dilute 
nitric acid, scarcely soluble in 5 per (;ent. ammonia solution, and is 
insoluble iti a boiling solution of ammonium sesquicarbonate “ 
( II. Hager), but is readily soluble in solutions of potassium cyanide 
and concentrated sodium thiosulphate. 

5. Palladous chloride and j)alladous nilrale produce even in very 
dilute solutions of hydriodic acid or of an iodide a hrownish-black 
precipilate of palladous iodide, Pdl^, which dissolves in an excess of 
jjotassium iodide solution and in ammonia solution, is slightly soluble 
ill salt solutions (sodium and magnesium chloride, etc.), and not 
soluble, or scarcely so, in cold liydrochloric and nitric acids. 

(i. A solution of 1 part of cupric sulphate and 2 5 parts of ferrous 
sulphate precipitates cuprous iodide, Cu^^^ acpieous neutral 
solutions of iodides, in the form of a dirty white precipitate. The 
addition of a littb; ammonia promotes the complete precipitation of 
the iodine ion. Chlorides and bromides arc not precipitated by this 
reagent. In its stead, a solution of cupric sulphate may be used, 
which has been previously treated with sulphur dioxide or sodium 
hydros ulphile or other reducing agent (cf. Sec. 75, 11) in sufiieient 
excess. The cuprous iodide precipitate is produced without the use 
of a reducing agent, but its colour is masked by the liberated iodine. 

7. Mercurous chlorkle, when shaken with a sufliciently dilute 

^ This is prepared by liiioly triturating starch with cold water, and pouring 
this turbid liquid while continually stirring it, in a thin stream into boiling water 
(in all 1 part of starch to about 100 parts of water) ; this is boiled for a short 
time, allowed to subside, and the almost clear solution used. 

“ C/. footnote, p. 440. 
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solution of iodides, causes the separation of yellow mercurous iodide, 
Hgijla. The reaction is very sensitive, and is also obtained with 
mercurous bromide. (White mercurous bromide is separated from 
bromide solutions by means of mercurous chloride. 0, Wentzki.) 

8. On treating a solution of an alkali iodide with ammonia and a 
little potassium hydroxide, and adding a few drops of mercuric 6'hloride 
solution, a redd isli- brown precipitate of dimercuric ammonium iodide 
is })roduced (cf. Sec. 30, 10). This is a very sensitive reaction 
(G. Oeniges). 

9. Pure nitric acid, free from nitrous acid, decomposes hydriodic 
acid or iodides only when it is in concentrated condition, espccudhj ivhen 
heated. Nitrous acid or hyponitric acid, on the other hand, decom- 
poses the iodine compounds already mentioned very easily, even when 
they are contained in exceedingly dilute solution. Colourless 
solutions of iodides therefore turn brownish-red immediately when a 
little red fuming nitric acid or a mixture of it in concentrated 
sulphuric acid, or better, a solution of nitrous acid in concentrated 
sulphuric acid, or potassium nitrite with a little sulphuric or hydro- 
chloric acid, is added. If the solutions are at all concentrated the 
iodine separates in black fakes, while iodine vaj)our and nitric oxide 
escape. 1 

10. As tlic blue coloration of the starch iodide is visible in much 
greater dilution than the yellow coloration of the solution of iodine in 
water, the sensitiveness of the reaction, whleh depends on the separation 
of free iodine, is considerably increased, when the lii[iiitl to be tested 
for iodine ion is first treat (‘d with a little thin, fairly clear starch 
paste (see footnote to 1), then a few drops of dilute sulphuric acid 
added, so that the liquid becomes strongly acid, and, finally, one of 
the reagents mentioned in 0 added. In order to give a particularly 
sharp reaction, one drop of the solution of nitrous acid in concentrated 
sulphuric acid only need be added (on a glass rod), so that this reagent, 
first suggested by J^V. J. Otto, may lie strongly recomnieiided. If 
red fuming nitric acid is used, a little more must be added to bring 
the reaction to the highest degree of intensity, for which reason it is 
not very suitable for the detection of very small quantities of iodine. 

Potassium nitrite also gives a particularly sensitive reaction. 
The liquid under examination should be treated with dilute sulphuric 
acid or with hydrochloric acid until the reaction is distinctly acid, and 

^ Iodine is not separated from cyanogen iodide by o.xidising agents, but a 
separation is produced by reducing agents (K. v. Meyer, Zeilsch. amt, CImn., 27, 
229). 
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one or two drops of a concentratod solution of potassium nitrite added. 
In the case of very small quantities of iodine, the liquid turns red 
instead of blue. An excess of liquids containing nitrous acid does 
not materially influence the reaction. As starch iodide yields with 
hot water a colourless solution, the liquids must necessarily be cold. The 
colder Uliey are the more sensitive is the reaction. If it is a question 
of attaining the highest degree of sensitiveness, the li(iuid should be 
cooled with ice, the^starch allowed to subside, and the result observed 
by placing the test-tube on white paper (ef. also iiummary and 
Remarks, Sec. 125, 6). 

11. Chlorine gas and chlorine water also convert iodine ion into 
the elementary condition, but an excess of chlorine combines with it to 
form iodine chloride, or oxidises it (finally to iodate ion). Hence a 
dilute solut ion of a n iodide, to which starch paste has been added, turns 
blue immediately on the addition of a little chlorine water, but is de- 
colorised again if more chlorine water is added. As it is therefore 
dillicult not to overstep the dividing line, especially in the case of 
very small quantities of iodine, chlorine water is less suitable for their 
detection. 

12. If a solution containing hydriodic acid or an iodide (if 
necessaiy acidified) is treated with carbon bisulphide or chloroform, 
so that a large drop renmins undissolved, a reagent which will liberate 
iodine added (a dro]) of a solution of nitrous acid in concentrated 
sulphuric acid, h}'drochloric acid and potassium nitrite, chlorine 
water, an excess of which must be avoided, etc.), the whole well shaken 
and allowed to stand, the carbon bisulphide or chloroform will subside 
and be coloured dark or light violet-red by the absorbed iodine. This 
also is an exceedingly sensitive reaction. On shaking a solution con- 
taining free iodine with petroleum spirit, benzene, or ether, the two 
former are just coloured red, and the ether reddish-brown or yellow. 
(Iodine gives ether a more intense colour than does an equal quantity 
of bromine.) 

13. Hydriodic acid and iodides are dccom])osed by numerous 
other oxidising agents, by potassium diehromate in the jiresence. of 
dilute sulphuric acid, even in the cold (distinction from bromine), 
by persulphates , and by hydrogen peroxide or potassium permanganalc 
and acetic acid ; iodine is also separated when iodides arc heated with 
manganese dioxide or lead peroxide, with dilute sulphuric or acetic acid, 
with cupric chloride, ferric chloride, or ferric sulphate, and may be 
recognised by the colour of its vapour and, wdien in small quantities, 
better by its action on paper moistened with starch paste. If iodides 
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are heated witli com'ntmted sulphur ic acid, hydrogen iodide and 
products of the reduction of sulpluiric acid (sulphur dioxide or 
hydrogen sulphide) are formed as well as free iodine. 

14. When fused with alhali carbonate (preferably sodium j)ota8sium 
carbonate), the iodides insoluble in water and nitric acid behave in a 
similar manner to the corresponding chlorides. Non-electrolytes and 
organic iodine products of substitution should be treated according 
to the instructions given in connection with chlorine (Bee. 117, 10). 

15. When a bead o£ alkali phosphate is saturated with cupric 
oxide, treated witli a substance containing iodide, and ignited in the 
inner (jus or blowpipe Jlanw, it will impart an intense green colour to 
the flame. 

16. With regard to the microclieniical delcdion of iodine, see 
llaushofer, Mikroshopischc Reaktionen, p. 52 ; Bchrens-Kley, Mikro- 
clwmische Analyse, 3rd ed., p. 176; Beniges, Zeitsch. anal. Chem., 

34, 611. 


Bec. 120. 

(d) Hydrocyanic acid, IKJxV (cyanogen ion, ON'). 

1. Cyamyen. C'^No, is a colourless gas of sj). gr. 1’8, fairly soluble 
in water, having a characteristic and penetrating odour, and burning 
with a carniine-rcd flame. The aqueous .solution produces with 
hydrogen sulphide a red cry.stallinc jirecipitate of the amide of 
thio-oxalic acid, (C'BNll 2 ) 2 - Cyanogen acts on alkali hydroxides in 
an analogous manner to the halogens, and forms cyanogen ion and 
cyanatc ion. 

2. Hydrocyanic acid (prussic acid), HCN, is a colourless, volatile, 
inflammable, highly poisonous liquid with a heavy odour of bitter 
almonds ; it can be mixed with water in all pro})ortion.s, and 
ill the })Ure condition soon decomposes. Hydrocyanic acid is a 
very weak acid (dissociation constant at 18''— 4.7.10““i^), it is scarcely 
dissociated in its solutions, in O'l iV-solutions, for exam})le, only to 
0*006 per cent., and its aqueous solution, therefore, does not redden 
litmus paper. 

3. Of the cyanides those of the alkali metals and the alkaline 
earth metals are soluble in water ; the solutions are dissociated into 
hydroxide and hydrocyanic acid by hydrolysis, and therefore give 
an alkaline reaction and have the odour of hydrocyanic acid. They 
are easily decomposed by acids, even by carbon dioxide. At 50° to 
80° mercuric cyanide, and at 100° cyanides insoluble in water, but 
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finely distributed therein, urc also decomposed by carbon dioxide 
(A. Hilger and K. Tamba). Potassium and sodium cyanide melt 
wTien ignited in the absence of air, without decomposition ; in the 
presence of air they absorb oxygen ; when fused with lead, copper, 
antimony, and stannic oxides, and many other oxides, they reduce 
these, ahd are themselves converted into cyanates ; on fusion with 
nearly all metal sulphides alkali thiocyanates are formed. Of the 
cyanides of the heavy metals only mercuric and auric cyanide arc 
soluble in water ; they arc all decomposed on ignition either, like 
the cyanides of the “ noble ” juetals, into gaseous cyanogen (which 
escapes) and metal, whereby, owing to the partial polymerisation of 
the cyanogen to paracyanogen, (0N)x, a mixture of the metal with 
solid black paracyanogen may remain as residue ; or, like those of the 
other heavy metals, into nitrogen and metal carbide. Many cyanides 
of the heavy metals arc not decomposed by dilute oxygenated acids, 
and only with ditliculty by concentrated nitric acid. All cyanides 
are decomposed on being heated and eva])oratcd with concentrated 
sulphuric acid, in which process carbon Jiionoxide and ammonia or 
ammonium sulphate, as well as the siil|)hates of tin; metals arc formed ; 
some cyanides arc decomposed by hydrochloric acid, and many by 
hydrogen sulphide. 

4. The cyanides liave a great tendency to cond)ine with one 
another, and most cyanide's of the heavy nw'tals, therefore, dissolve 
in potassium c}\anide solution. The resulting comj)ounds are 
complex salts, which contain a complex anion consisting of cyanogen 
and a heavy metal (iron, cobalt, manganese, chromium). i Many of 
these salts arc decomposed by dilute acids in such a way that hydrogen 
cyanide and the salts of the two metals present with the added acids 
are formed, and others in such a way that hydrocyanic acid, the 
alkali salt of the added acid and the heavy metal cyanide, stable 
towards acids (as a precipitate), arc formed. A third group contains 
complex anions which arc so stable that they remain unchanged even 
on the addition of another acid, and sometimes liberate the free 
acids corresponding to the complex anion. Compounds of the latter 
description are, e.g. potassium ferrocyanide, K 4 Fe(CN) 0 , and 
potassium fcrricyanide, K 3 f^'e(CN) 6 . Dilute acids do not precipitate 
metal cyanides in the cold from their solutions. On replacing the 
potassium by hy drogen, specific acids arc formed, which must not be 
confused with hydrocyanic acid. Their reactions are described in 
the two following sections. 

^ Cf. p. 10. 
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5. Silver nitrate in excess produces, in solutions of free hydro- 
cyanic acid and alkali cyanides, while preeipitcUes of silver cyanide, 
AgCN, or fAg(CN) 2 ]Ag, which dissolve readily in potassium cyanide 
and sodium thiosulphate solutions, nme sparirujly in ammonia solution, 
and not at all in dilute nitric acid ; they are decomposed on iynUion, 
and leave a residue of nuia I lie silver and a little paracyanogcii. The 
sensitiveness of the reaction is increased in the presence of free hydro- 
cyanic acid if the solutions are first treated with an excess of ammonia, 
then with silver nitrate solution, and finally acidified with nitric 
acid. 

6. Mercurous nitrate produces in solutions of the alkali cyanides 
ix grey precipitate of metallic mercury, 'whilst the cyanogen ion combines 
with mercury ion to form soluble, slightly dissociated mercuric cyanide. 
(Distinction from chlorine, bromine, and iodine ions.) 

7. On adding to a solution of free hydrocyanic acid first ferrous 
sulphate solution, to which a drop of ferric chloride solution has 
previously been added, and then a few drops of alkali hjdroxide 
solution, until the Ii(iuid begins to show an alkaline leaction, a bluish- 
green precipitate is formed. If this is acidified with hydrocliloric acid, 
the fcrro-fcrric hydroxide dissolves, whilst Prussian blue remains 
undissolved [ef p. 251, 8).^ The reaction proceeds in such a way 
that first of all from ferrous ion and cyanogen ion ferrocyanogen ion 
is produced, which, in acid solution, combines with ferric ion to form 
Prussian blue. In the case of very small quantities, the liquid 
becomes green after the addition of hydrochloric acid, and only after 
standing for some time is a slight blue precipitate obtained. Heat 
promotes the precipitation, but an excess of alkali liydroxide or 
hydrochloric acid must be avoided. Similar 2 )hcnomena with 
corresponding results occur when a ferrous sulphate solution contain- 
ing ferric sulphate or ferric chloride is added to a solution of alkali 
cyanide, with the subsequent addition of hydrochloric acid after the 
liquid has been allowed to stand. Substances which do not give the 
Prussian blue reaction without treatment should be heated with 
dilute sulphuric acid in a test-tube, and the mouth closed with a 
piece of filter paper, the centre of which has been moistened with a 
few drops of an alkali hydroxide solution. The hydrocyanic acid 
which is evolved in the ])re.sence of cyanides is ab.sorbed by tlie alkali. 
The portion of paper which is being treated should be lightly touched 

1 Attention may be called to the fact that, even in the absence of cyanogen 
ion, a bluish-green precn>itate of fcrro-ferric hydroxide is produced by alkali 
hydro.xide. This, however, dissolves to a clear solution in hydrochloric acid. 
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with very dilute ferrous sulphate solution, exposed to the air for a 
short time, and finally treated with steam. If the spot is now 
touched witfi hydrochloric acid it will show a Prussian blue coloration 
if cyanide was present ((1. Lockemann). 

8. On niixiruf a liquid conlainitig hydrocyanic acid or alladi cyanide 
(after adding a drop of dilute alkali hydroxide solution, if free hydro- 
cyanic acid is present) with sufficient yellow ammonium sulphide 
(containing polysulpliidc) to colour the liquid yellow, hcaliny ii in a 
qmcclain dish on the water hath until the mixture is decolorised and 
the excess of aiiimoniuni sulphide is evaporated or decom]) 08 ed, and 
then evaporating it to dryness, the rcsidu(^ will contain alkali thio- 
cyanate. This is dissolved in a little water, aeidified with 2 or 3 drops 
of hydrochloric acid, allowed to stand for a few minutes in order to 
destroy the thiosulphates formed, which would reduce the ferric 
salt and thus prevent the reaction, and finally treated with a little 
ferric chloride. The resultiny thiocyanoyen ion may be recognised by 
its blood-red colour. If a violet coloration ajipears or the red one 
rapidly disappears, a little more ferric chloride must be added to 
produce the reaction (Liebig, Almen). This reaction is exceedingly 
sensitive, (Nll 4 ) 282 +Kl'N— KCNS- 1 -(NH 4 ) 2 »S. if an acetate is 
present, t he reaction will only occur on the addition of more hydro- 
chloric acid.^ In the case of siilistaiices to which the reaction is not 
directly ap[)licable, the same coiirsi* may be adopted as described in 
connection with the Prussian blue reaction (7), but the filter paper 
must he soiiked with a few drops of ammonium sulphide, as well as 
with alkali hydroxide solution. If cyanogen ion is to be detected 
in insoluble compounds by converting it into ferric thiocyanate, 
sodium thiosul])hate is fused on a looj) of platinum wire in a spirit 
Haiiie until the water of crystallisation has escaped and the mass 
swells up. A small portion of the substance is then added, the 
mixture heated for a short time in the flame, removed as soon us the 
sulphur begins to burn, and the mass on the looji dipped into a few 
drops of ferric chloride solution, which has been diluted and treated 
with a little li)'drochloric acid. If cyanogen ion was present, th5 
blood-red coloration of ferric thiocyanate will be produced, and not 
disajipear on standing. If the mixture is heated for too long a time 
the reaction will fail, because the sodium thiocyanate formed will be 

^ According to Lavialle and Varenne, Zeitsch. anal. Chem., 56, 128, mecouic 
acid interferes with the reaction, as it also producer a rod coloration. Auric 
chloride destroys tlio coloration produced by hydrocyanic acid, but not that 
produced by mecouic acid. 
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decomposed again. This luetliod is particularly suitable for the 
distinction of silver cyanide from silver chloride, bromide, or iodide 
(A. Frohde). 

9. On treating a liquid containing hgdrogen eganide or the solutio7i 
of an alkali cyanide with a few dropti of a solution of alkali nitrate, 
adding two to three drops of ferric chloride solution aiid'^siifhcient 
dilute sulphuric acid to change the brown colour of the ferric salt 
first formed just to pale yellow, heating the mixture until it begins to 
boil, cooling it, treating it with a little ammonia to precipitate the 
excess of ferric ion, filtering the liquid and adding to the filtrate, 
which still contains free ammonia, one or two drops of hydrogen 
sulphide water, the solution will show a violet coloration, owing to 
the action of the hydrogen sulphide upon the nitroprusside ion which 
has been formed {cf Sec. 124. 5 (Ct, Vortmann)). 

10. On treating a moderately concentrated solution of an alkali 
cyanide with a little picrie acid solution ^ (one part of picric acid and 
250 parts of water) and boiling it, the Ihjuid will turn dark red, 
owing to the resulting polassiuin picrocyaminatc (potassium iso- 
purpimite), the colour becoming more intense on standing. If the 
solution of alkali cyanide is very dilute, only sullicicnt picric acid 
should be added to give the liquid a faint yellow colour. After 
boiling, the red coloration will ap])ear, jauhaps not immediately, 
but on cooling and standing for sonic time. This reaction, suggested 
by C. D. Braun, is not so sensitive as those described in 7, 8, and 9, 
but may be used for the detection of alkali cyanide in the presence 
of ferroc}'anidc, which on similar treatment does not yield potassium 
picrocyaminate. Other reducing substanci's also give similar 
colorations when heated with picric acid (J. Anderson, Zvitseh. a^ial. 
Cite in., 55, 465). 

11. If filter paper is soaked with freshly prepared alcoholic 
guaiacuni tincture containing 3 to 4 per cent, of the resin, moistened 
after evaporation of the alcohol with O per cent, cupric s’^dphatc 
solution, and exposed to air which contains only a trace of hydro- 
tyanic acid vapour, the paper will turn blue, owing to the action of 
the ozone formed by the partial reduction of the cupric ion : 
9CuH04+12HCN+31I,0-L3Cu2(CN)2+3Cu(CN)2j2+911ii804d-0;i 

^ For tho detection of free cyanogen in air or illuminating gas, H. Kunz- 
Krauao recommends a mixture of 4 c.c. of a cold saturated aqueous picric acid 
solution (1 : 86) with 18 c.c. of alcohol and 6 c.c. of 16 per cent, aqueous potassium 
hydroxide solution, or tho reaction do.scribod in 11 {Zeitsch. avyew. Chem., 14, 

062). 

* Probably as a complex compound, [Cuj;.Cu(CN) 4 ]. 
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(Paf]jensteclior, Schonbcin).! The reaction is exceedingly sensitive, 
iind is intensified wlien the paper is moistened with formaldehyde 
solution (J. C. Briinnich). 11. Kimz-Krausc ^ recommends the use 
of a 3 per cent, alcoholic solution of 'pure guaiacon'ic acid and a copper 
mlphrUe solution of 1 : 1000 to render the reaction more sensitive ; the 
latter is, iliowever, not necessarily decisive for hydrocyanic acid, as 
guaiacum copper paper is also rendered blue by air containing 
ammonia, nitrogen trioxidc vapours, ozone, bromine, iodine, and 
chlorine monoxide. It is still less decisive, if it is produced in 
solutions, since a mixture of guaiacum tincture with very dilute 
cu|)ri(! sulphate solution is not only rendered blue })y hydrocyanic 
acid and cyanides, hut also by solul)le chlorine, bromive, iodine, and 
jluorine compounds, etc. Potassium iodide starch paper moistened 
with cupric sulphate solution is also immediately turned blue. 

12. Other organic compounds behave like guaiacum tincture in 
])roducing characteristic colorations in dilute cupric salt solutions in 
the presence of hydrocganic acid. Ilydrocwrulignone, a tetrahydroxy- 
di[)henyl derivative, produces in a dilute acetic acid solution of an 
alkali cyanide (treated with a little cupric ac(tate) a crystalline, 
purple precipitate of cm r align one ; in the case of very dilute solutions 
the colour is hrick-red. Similar reactions are given by ether substi- 
tuted tetradiphenyl derivatives (J. ]\roir). On treating a cupric 
acetate solution with a few drops of an alkali cyanide solution and 
adding heniidine acetate, a dark blue precipitate is formed. Iodides 
and bromides behave in a similar manner, and various oxidising 
agents, such as chromates, ferri cyanides, ferric chloride, and others 
give a blue precipitate with benzidine alone. The reaction is, 
however, characteristic of cyanogen ion, if carried out with the 
addition of disodium hydrogen phosphate, and if no great quantity 
of thiocyanate is present. In the presence of thiocyanate the 
substance is boiled with sodium carbonate solution, and a current 
of carbon dioxide j)assed through the filtered solution. This 
liberates hydrocyanic acid and carries it away. It is conducted 
into the reagent, which consists of 1 drop of 3 per cent, cupric acetaih 
solution, 5 drops of saturated benzidine acetate solution, and 0*5 c.c. 
of water (C. Pertusi and K. Gastaldi, Zeitsch. anal. Chem., 53, 387). 

^ Cf. also tho commimieations of Ed. Schaer {Arch. d. Pharm., 238, 42, 170 ; 
239, 010 ; 241, 401), where ho recommends tliat tho solutions to bo tested for 
hydrogen cyanide should Ixi .shaken with a ^ to 1 per cent, solution of pure 
giiaiaeonio acid in chloroform ; he also gives various other reactions for cyanogen 
eompounds. 

./. flustu’huchl., 1001, 720 ; •Zeitsch. nmd. Chem., 66, 407. 



462 BEllAVlOim OF SUBSTANCES TO REAGENTS ch. ii 


13. On treating a very dilute starch iodide solution with a trace, of 
hydrocyanic acid, or, after the addition of a little dilute sulphuric 
acid, with a trace of an alkali cyanide, the colour disappears immedi- 
ately or after a short time, because the iodine reacts with the hydro- 
cyanic acid to form cyanogen iodide and hydrogen iodide (Schonbein). 
This is a very sensitive reaction, which, however, is never decisive 
by itself, as luany other substances decolorise starch iodide. 

14. (Jyanogen cannot be detected in mercuric cyavide by the 
reactioTis described, with the exception of the thiocyanate reaction (8). 
In order to detect it in mercuric cyanide, the solution of the salt 
should be treated with hydrogen sulphide, whereby a precipitate of 
mercuric sulphide is obtained, whilst free hydrocyanic acid remains 
in solution. Mercuric cyaiiide is also decomposed by powdered 
nfiagimium or antimony. The hydrogen cyanide formed may be 
distilled in a current of carbon dioxide, retauved in water, and identi- 
fied therein by one of the above-mentioned reactions (Pertusi, 
Chem. Zerdr., 1915, I, 7). Solid mercuric cyanide is most easily 
recognised when heated in a glass tube {cf. 3). On heating a mercuric 
cyanide solution with hydrochloric acid or with sodium chloride 
and oxalic acid, or with sodium chlonde and dilute sulphuric acid, 
in a distillation apj)aratus, the greater portion of the cyanogen ion 
will be found in the distillate as hydrogen cyanide. In the case 
of small quantities it is best distilled with tartaric acid and a little 
hydrogen sulphide water (Autenrieth). 

15. With regard to the microchemical detecHon of hydrogen 
cyanide, see Behrens-Kley. M\lrochemisclic Anahfse, 3rd ed., 
p. 180.1 

Sec. 121. 

(e) Hydroferrocyanic acid, lI«Fe(CN)e (Ferroevanogen ion, 
Fe(CN)""4).2 

1. Hydroferrocyanic acid is colourless, crystalline, and easily 
soluble in water. The .solution gives a strongly acid reaction. 
Some of the ferroevanides are soluble in water, such as those of the 
alkali and alkaline earth metals, ^ but the greater number arc 
in.soluble. They are all decomposed on ignition ; if they are not 
completely dehydrated, hydrocyanic rcid, carbon dioxide, and 

* With regard to the detection of cyanogen in flames, r/. C. Liideking, 
Zeitsch. anal. Chem., 29, 342. 

* With regard to its constitution, c/. p. 10. 

3 Some of the double ferrocyanides of the alkali and alkaline earth metals 
are, however, insoluble, e.y. calcium ferroeyanide, see Sec. .30, 7 ; and Sec. 34, 10, 
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ammonia escape ; if free from water, nitrogen, and occasionally 
cyanogen, escape. 

2. Ferric chloride produces in aqueous solution of hydroferro- 
cyanic acid or of the ferrocyanides a blue precipitate of ferriferro- 
cyanidc (Prussian blue), Fe 4 [Fe(CN)(j ]3 (ef. Sec. 62, 8). Cupric 
sulphate gives a brownish-red precipitate of eupne ferrocyanidf, 
Cu 2 Fe(CN)o (c/. Sec. 75, 10). Silver nitrate precipitates silver 
ferrocyanide, Ag 4 Fe(CN)( 5 , as a white precipitate, insoluble in nitric 
acid and in ammonia solution (on short treatment in the cold), but 
.soluble in potassium cyanide solution. When boiled with ammonia 
solution, silver ferrocyanide yields ferrous hydroxide, whilst the 
solution contains com{)lexes of silver (yanich* and ammonium 
cyanide (Weith). Lead acefale ]>roduces a white precij)itate not 
appreciably soluble in dilute nitric acid. Thorhm mtrate precipi- 
tates from dilute acid .solutions of ferrocyanides all the ferrocyanogen 
ion. (Distinction and method of separating ferrieyanogen ion. 
from thiocyanogen ion. Browning and Palmer, Zc?7.9c*/o r/wa/. Chew., 
60 , 771.) 

3. On mixing a not too dilute solution of an alkali ferrocyanide 
with hydrochlorio acid and pouring ether over the liquid, liydro- 
feiTocyanic acid will separate in crystalline form at the point of 
contact. 

4. Alkali ferrocyanides are not decomposed in aqueous solution 

by carbon dioxide in the cold (distinction from alkali cyanides), 
but are decomposed at a temperature of 72"^ to 74° (Autenrieth) ; 
Prussian blue and cupric ferrocyanide suspended in water are, 
however, only decomposed at 1(X)°. When boiled with water, 
soluble, as also finely distributed insoluble ferrocyanides, are decom- 
posed without the co-operation of carbon dioxide, and hydrogen 
cyanide is formed (A. Hilger and K. Tamba). Solutions of ferro- 
cyanides, rendered alkaline by means of sodium carbonate, yield 
no hydrocyanic acid when distilled in a current of carbon dioxide. 
Even when distilled with sodinw hydrogen carbonate, ferrocyanides 
do not yield hydrogen cyanide (Jacquemin). • 

5. Ferrocyanides arc not decomposed by cold dilute acids, or 
only to a slight extent. On Iieating they are decomposed, whilst 
hydrocyanic acid is liberated, and in this way most of the com- 
pounds resembling Prussian blue are produced. On heating ferro 
cyanides with a mixture of 3 parts of concentrated sulphuric add 
and 1 part of water until the free acid has been expelled, they are 
decomposed, and the cyanogen is expelled as liydrogcn cyanide ; 
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the metals remain as sulphates. Ferrocyanidos arc decomposed in 
a similar way when their slightly acidified solutions arc heated with 
10 per cent, ammmium persulphate solution. The licpiid should not 
be boiled, as the reaction would then be too violent (Dittrich and 
Hassel, Ghem. Ticntr., 1903, 11, 220). Concentrated sulphuric acid 
decomposes all ferrocyanidcs when heated, witli the evoKition of 
carbon monoxide. When introduced into fused potassium nitrate, 
carbon dioxide and nitrogen are formed from tlie cyanogen, the 
metals being obtained in the fused mass as oxides. 

f). Acidified solutions of ferrocyanidcs are converted by hydrogen 
peroxide, on heating, into ferricyanides (Weltzicn). 

7. Insoluble ferrocyanidcs are decomposed on boiling witli 
sodium hydroxide, witli the separation of the particular h}'droxide 
(in so far as this is not soluble in sodium hydroxide) and the formation 
of sodium ferrocyanide. 

8. On heating ammoniacal silver solution with ferrocyanidcs, 
e.g. Jh’ussian blue, ferric hydroxide separates. The solution then 
yields a precipitate of silver cyanide when acidified with nitric 
acid (Weith). 

Sec. 122. 

(f) Hydroferricyanic acid, HaFefCNlo (Ferricyanogen ion, 
Fe(CN)'"o).i 

1. Hydroferricyanic acid forms brown needles, and the ferri- 
cyanides are also all coloured. Hydroferricyanic acid and the 
ferricyanides of the alkali metals, alkaline earth metals, and trivalent 
iron are soluble in water; all ferricyanides undergo a similar 
decomposition on ignition to that of tiie ferroiyanidcs. 

2. Ferric chloride does not produce a blue precipitate m acpieous 
solutions of hydroferricyanic acid and its salts (See. 02, 9) ; fenous 
sulphate, on the other hand, gives a blue precipitate of ferrous ferri- 
cyanidx\ Kc 3 [Fe(CN) 6 l 2 (cf Sec. 61, 10) ; cupric sulphate gives a 
yellowish-green precipitate of cupric ferricyanide, Cu 3 [Fc(('N)o] 2 , 
insoluble in hydrochloric acid ; silver nitrate gives an orange- 
coloured precipitate of silver ferricyanide, Ag 3 Fe(CN)fl, insoluble in 
nitric acid, easily soluble in ammonia and potassium cyanide solu- 
tions ; lead acetate gives no precipitate in neutral solution, but if 
ammonia is added a reddish-brown precipitate is produced. (Dis- 
tinction from ferrocyanogen ion.) Cadmium salt solutions jiroduce 

^ With reganl to its constitution, cf. jt. 10. 



SEC. 123 


TmOCYANW ACID 


465 


in dilute acid ferricyanide solutions an omngc-coloured j^rccipitalc, 
of cmlmiam fcrricijanidej Cd;j[Fe(CN)(jj 2 . (Distinction from and 
method of separation from thiocyanogen ion. Browing and Balmer, 
Zcitsch. anal. Chem., 60 , 771), 

3. Aqueous solutions of ferricyanides behave in tlic same way as 
those of the corresponding ferroeyanides wJicn boiled with water or 
when treated with carbon dioxide or sodium hydrogen carbonate. 

4. Hydrogen sulphide decomposes the alkali ferricyanides ; 
alkali ferroeyanides and hydro ferrocyanic acid arc formed, with 
the separaiiou of sulphur; free hydrofcrricyanic acid is decom- 
])oscd in the sa?nc manner, as also a solution of potassium ferricyanide. 

5. Alkali ferri(*yanide solutions are reduced to ferroeyanides by 
means of hydrogen peroxide, with the evohdion of oxygen (Weltzien). 
Alkali ferricyanide liberates iodine from potassium iodide solution. 

6 . The insolulde ferricyanides are decomposed wlicn boiled with 
sodium hydroxide solution. The li(|uid liltercd from tlic separated 
metal hydroxides will contain either sodium ferricyanide only, or a 
mixture of sodium ferro- and ferricyanide. 

7. On being heated with ammoniacal sileer solution, ferricyanides 
arc decomposed in the same way as the ferroeyanides. Nitric acid 
precipitates silver c}aanide from the ammoniacal filtrate. 

8 . The ferricyanides are decomposed, like the ferroeyanides, by 
the action of cold and Jiot dilute acids, by concentrated sulphuric 
acid, by heating them with a mixture of 3 parts of concentrated 
sulphuric acid and 1 part of water, by heating tlic acidified solution 
with ammonium persulphate, and by fusion with potassium nitrate. 


Se(-. 123. 

(g) Thiocyanic acid (Sulfihocyanic acid), nCNS (Thiocyanogen 
ion, CN 8 '). 

1. Thiocyanic acid is a colourless oily liquid, forming, when 
cooled, a crystalline mas.**, melting at -f-5° and, according to 
Artus, boiling at 85^. It has a pungent odour, similar to that^f 
acetic acid, dissolves in water and alcohol to form solutions which 
give acid reactions, is poisonous, and gradually decomposes in 
concentrated aqueous solution into hydrogen cyanide and yellow 
crystalline pcrsulphocyanio acud, O 0 N 283 H 2 . On treating an aqueous 
solution of thiocyanic acid (or potassium thiocyanate) with a 
largo quantity of concentrated hydrochloric acid, decomposition 
rapidly takes place, Thiocyanic acid is nearly as strong an acid 

3U 
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as tlic halogon acids, and accordingly its aqueous solutions undergo 
pronounced dissociation. 

2. Most of the tliiocyamtcs are soluble in water. Their neutral 
aqueous solutions are not decomposed on boiling, or scarcely so. 
On boiling them with alkali hydwqvn carhovales, ai'imonium carbonate 
is formed, but no hydrogen cyanide. When distilled with dilute 
sulphuric acid, pho.sj)horic acid, or tartaric acid, a ])ortion of the 
tliiocyanogen ion will be found in the distillate as dilute tliio- 
cyanic acid, remainder being dccom})Osed. When heated with 
dilute nitric acid, viohmt decomposition takes }»lace, with tlie 
evolution of nitric oxide and carbon dioxide, and the formation (jf 
sulphuric acid. When ignited in tlie presence of air, all thiocyanates 
are decomposed and yield, accordijig to the nature of the cation, 
sul])hur dioxide, sulphates and tyanates, or nitrogen, cyanogen, 
carbon bisulphide, and sulphide. 

3. Solutions of thiocyanic acid or of the tliioc\'anates arc 
coloured biood-red by ferric chloride solution, acidified with hjjdro- 
chloric acid (tSec 62. 10). 

4. Cupric sulphate ])roduces in solutions of alkali thiocyanates, 
if they are concentrated, a black precipitate of cupric ihiocijaaatc, 
Cu(CNS )2 ; if they arc dilute only an emerald-green coloration is 
produced. Cupric sulphate solution mixed with sulphur dioxide in 
excess i gives, even in the case of giear dilution, a j)ale reddish-white 
precipitate of cuprous fhioc/janate {.Sco, To, 11). 

5. Silver nitrate Jii-oduces a ichitc caseous precipitate of silver 
thiocyanate, AgC%S, insoluble in cold dilute nitric acid, but soluble 
in ammonia solution. 

6. Mercurous nitrate ])roduces a grey or white precipitate, according 
to the proj)ortions and the concentration. The latter preci])itatc is 
mercurous thiocyanate, llg2(CN8)2. 

7. Thiocyanic acid or the acidified solution of thiocyanetes when 
treated with zinc pelds hydroyen sulphide. 

^ Sec. 124. 

(h) Hydrosulphuric acid, HoS (Sulphide ion S", Hydrogen 
sulphide ion, HS'). 

1. Sulphur occurs in very different modifications. That which 
is stable at the ordinary temperature is a-.sul]>hur, a solid, brittle, 
friable, tasteless, yellow substance, insoluble in water, forming 
1 Or another suitable reducing agent, see Sec. 75, 11. 
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rhombic crystals and of sp. gr. 2*03 to 2'06. At 114'4'' a-sulphur 
melts to an oily, mobile liquid, from whicli, on solidification, the 
monosymmetrical modification, j3-sulphur (of sp. gr. 1‘975), stable at 
above 95*6°, crystallises. Above 160° the melted sulphur turns 
brown, then increasingly becomes more viscous, but at 400° again 
become^ fluid, and boils at 444*5°. The escaping brownish-yellow 
vai)our condenses in cold air to a yellow powder, and on the sides 
of the vessels to drops. Heated in the air, sulphur burns with a 
bluish flame to sulphur dioxide, which may be immediately recognised 
by its sufl'oeating odour. Concentrated nitric acid, bromine with 
hydrocliloric acid, aqua mjia^ and a mixture of potassium chlorate 
and hydrochloric acid gradually dissolve suli^hur on moderate heating, 
wliile they oxidise it to sulphuric acid ; boiling sodium hydroxide 
solution dissolves it to a yellow liquid containing sodium sulphide 
and sodium thiosuI[)hatc ; it is insoluble in cold ammonia solution, 
but dissolves slightly if the solution is warm. Carlwii bisulphide, 
benzene, and petroleum spirit dissolve crystalline sulphur easily, 
but not the amorphous sul[)hur, w'hich also occurs in several modifica- 
tions. Under certain conditions, especially on the decomposition 
of sulphur compounds in aqueous solutions, coljoidal modifications 
of sid])hur are produced, w^hich may cause characteristic colour 
])hcnomena (e/. 3, footnote). When a hydrogen flame is brought 
into contact with sulphur (or also with sulphides or sulphates) the 
inner flame wdll be of a fine blue coloiu*. 

2. llijdrogcn sulphide, TLS, at the ordinary temperature and 
atmospheric pressure, is a colourless poisonous gas (easily recognis- 
able by its odour, recalling that of bad eggs), wdiich is soluble in 
water and transitorily reddens litmus. When ignited it burns with 
a blue flame, forming w^ater and sulphur dioxide. Hydrogen 
sulphide water, the properties of which arc described on p. 73, 
is decomposed by ^chlorine, bromine, iodine, ferric chloride, per- 
manganic acid, chromic acid, nitrous acid, and other oxidising 
agents, with the separation of sulphur ; oxidation also gradually 
takes place in the air. 

Hydrogen sulphide (corresponding to the halogen acids) is a 
very weak dibasic acid, with the dissociation constant 0.91.10“'^ 
(for the first stage) ; in accordance with the position occupied by 
sulphur in the periodic system, as the clement corresponding to 
oxygen, a certain analogy, however, exists betw^een hydrogen 
sulphide and water. Accordingly the compomids of sulphur with 
metals, the sulphides {e.g, K. 2 S, FeS), or those with metals and 
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hydrogen, the hydrogen sulphides (c.g. NaHB), eorrespond on the 
one liand with oxides and hydroxides, and on the other with neutral 
and acid salts. In the same way that oxygen can combine with 
metals in their diiTerent valencies to form ditt’erent oxides and also 
peroxides, so can sulphur in combination with a metal form different 
sulphides (monosulphide and pol}^sulphidcs). According*' to the 
nature of the clement which is in combination with the sulphur 
{i.e. wliether it is electro-positive or negative), the hydrogen sulphides 
(like the hydroxides) have a basic or acid character. They are, 
therefore, also termed sulpho bases and sulpho acids. To the 
latter belong, apart from hydrogen sulphide, especially the hydrogen 
sulphides of the members of the sixth analyth^al grotij) (cations). 

3. Of the sulphidcfi of the nidals only those of the alkali and 
alkaline earth metals are soluble in water. Like tlie sulphides of 
iron, manganese, and zinc, they are decomposed by dilute mineral 
acids, with the evolution of hydrogen sulphide, which may be 
casih' recognised by its odour and by its action on lead salt solution 
(see 4). In the presence of the sulphide of a metal of high valency, 
as. for example, ferric sulphide or a polysulphide (such as NunSy), 
a white precipitate of finely divided sulphur wall simultaneously 
separate, and this may be easily <listinguishcd from other precipi- 
tates by its solubility in benzene or ])ptroleum spiiit.i Borne of the 
sulphides of the metals of the fifth and sixth groups are dissolved 
by boiling concentrated hj'drochloric acid, with the evolution of 
hydrogen sulphide ; others are dissolved, not by hydrochloric acid, 
but by concentrated boiling nitric acid. The compounds of mercury, 
gold, and platinum resist both acids more or less, but dissolve in 
heated aqua regia. Hydrogen sulphate ion is formed by the solu- 
tion of sul]>hides in nitric acid and aqua regia, and, in addition, 
sulphur generally separates. When heated in a gla.ss tube fused 
together at the bottom, many sulphides, especially polysulphides, 
yield a sublimate of sulphur. All sulphides are decomposed on 
fusion with potassium nitrate and sodium carbonate. Bulphur is 
found in the acpieous extract of the fused mass as suljihate ion. 

4. If hydrogen sulphide, either in solution or in the form of 
gas, is brought into contact with silver nitrate or lead acetate, black 
precipitates of silver sulphide or lead sulphide are produced; if, 

1 For the detection of polysulphules of the alkali and alkaline earth nfetals, 
J, C. tJil reconimendH that 93 per cent, alcohol should be boiled in a small 
flask and the solution under exanunatuui Im* ad<led when the akiohol vapours 
have exjHjIled the air. In tho presence of polysulphide, the liquid temporarily 
assumes a faint pale blue coloration, which changes to a permanent greenish-blue . 
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therefore, the odour is not a suflieient means of detecting the hydrogen 
sulphide, tliese reagents afford the surest proof of its presence. 
If it is in the form of gas, and a strip of paper moistened with a 
lead acetate solution and a little ammonia solution is introduced 
into the air under examination, the paper indicates the presence of 
hydrogen sulpliide hy becoming covered with a browaiish-black 
lustrous him of lead sulphide. If it is a question of detecting a 
trace of alkali sul[)hide in the presence of alkali hydroxide or 
carbonate, the liquid is best mixed with a solution of sodium ])lumbate, 
which is prepared by treating lead acetate solution with sodium 
hydroxide solution until the precipitate has re-dissolved. 

5. On treating a liquid containing hydrogen sulj)hicle or alkali 
sul])hide with sodium hydroxide and then with sodium nitroprusside, 
Na2he(NO)((*N)5-[-2ir.d), the hvcomes reddish-viohi. The 

reactio)! is very sensitive, but. in this resj)ect is exceeded by that 
with sodium pliimbate (see 4)d A strip of lilter ])aper, saturated 
w ith an ummoniaeal solution of sodium nil roprussid(\ may bo userl 
for t.lie det('etion of gaseous hydrogen sulphide (Krj'd, (Jeisslm', 
Zeifseh, anal, , 36, 09G ; Seheele, IJtid., 42. IHl). 

G. Exceedingly small traces of hydrogen suljihide in aqueous 
solution may be detected by adding r.’;, volume of hydrochloric 
a(;id and a few grains of ‘jHira-aniinodinwlhjJaniliitc, suljdtate,'^ and, 
as soon as tlie latter has dissolved, one or two drops of a dilute 
ferric chloride solution. In t.he presence of hydrogen sulphide the 
liquid ivill become pure blue, owing to the formation of methulcne 
blue (IT. Caro, E. I<hscher). 

7. On adding mercuric chloride soluliov, drop by drop, to a strong 
hydrochloric acid solution containing but Hide hydrogen 8ul])hide, 
a le7non-yellow turbidity or })reci})itato will result. (A very sensitive 
reaction. E. Ticde and F. Fischer, Ber., 44, 1711.) 

8. On heat ing sulphides in the oxidation area of a (jas or blow- 
pipe flame, the sulj)hur contained in them will burn wnth a blue 
flame and emit the wT.ll-known odour of 8ul])hur <lioxide. If sulphides 
are heated in a glass tube open at each end, held obliquely, and 
having inserted in its upper end a piece of moist blue litmus pajjer, 
the paper will be turned red by the escaping sulphur dio.xide. If 
the products of the combustion are allowed to come into contact 

Cf. Virgin, Chem. Zentr., 11)00, II., 909. 

® With regard to the preparation of tlio reagent, c/. Zcituch. ami Chem., 
23, 220. Fondler and Stulior recoimnend. in tho place of tlio reagent in solid 
form, tho use of a 1 per cent, freshly prepared solution {ZciU'^ch. Untersuch. 
Nahr. Oenvss., 22, 195). 
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with the lid of a crucible moistened with an ethereal phloroglucinol' 
vanillin sol at ion, a characteristic red coloration will appear (Raikow. 
Zeitsch. anal. Chem., 49, 701). With regard to further reactions for 
the detection of small quantities of hydrogen sulphide. Cf. Curtman, 
Zeitsch. anal. Chem., 26, 7)01 ; Italic, Chem. Zentr., 189], II., 
498. 

9. On boding a finely j)owdered sulphide in a porcelain dish with 
alTcali Jnjdroxide solution, arid heating it until the, alkali hydroxide 
begins to fuse, or on fusing the sub.stance with alkali hydroxide,'^ 
then dissolving the mass in a little water, introducing a small piece 
of bright silver (a brightly polished coin), and heating the whole, the 
metal becomes hroivnish -black owing to the presence of silver sidphide. 
The silver may be made bright again by rubbing it with leather and 
calcined lime (v. Kobell).^ 

10. If the powder of a suljihide which is not decom]>osed, or 
only slightly so. by hydrochloric acid, is mixed in a small cylinder 
or widc-necked flask with an equal volume of finely ground iron, 
free from sulphur (ferrum alcoholisatum of the j)haraco])ada), and a 
layer about 1 millimetre high of moderately dilute hydrochloric acid 
poured over it (1 volume of water to 1 volume of concentrated 
acid), hycb'ogen sulphide will escape with the hydrogen ; the former 
may be easily recognised if a strip of paper, moistened with lead 
acetate solution and then dried, is fixed into the neck of the flask 
by means of a loosely fitting cork, and in such a way that it 
covers the bottom and sides of the cork. Realgar, orpiment, and 
molybdenum glance do not give this reaction (v. Kobell). 

11. With regard to the microchemical detection of suljihur, see 
Haushofer, Mikroskopische Reaktionen, p. 115 ; Behrens-Kley, 
Mikrochemische Analyse, 3rd 'ed., p. 151 ; F. Emicb, Zeitsch. anal. 
Chem., 32, 163 ; 56, 101 ; Schoorl, Ibid., 48, 675. 

Sec. 125. 

Summary and Remarks on the Anions of Group II. 

1. The anions of the second group are sharply defined from 
those of the first and third, in that they yield, wiih silver nitrate, 

precipitates which are insoluble in dilute nitric acid, whilst those 

« 

^ With regard to tlio influence of sulphur contained in illuminating gas, 
gee p. 76, footnote 1. 

^ With regard to a process for tlie detection of all kinds of 8ul])hur com- 
pounds, based on the same principle of conversion into alkali sulphide, cf. 
Reussen, Zeitsch. anal. Chem., 52, 491. 
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of ilic third grouj) do not produce a jtrccipitatc with silver nitrate ; 
although those of tlie first group generally give silver precipitates, 
yet these re-el issolve in dilute' nitric acid, .so there can be no question 
of confusing tlicin witli those of the second group. 

Tlic^lifTcrcnt characteristics of the silver compounds of individual 
nicmla'i’s of the second group, as regards their colour and their 
solul)ility in ammonia solution, should, in the main, only be used 
for the purpose of distinguisliing between them when not more than 
one of these anions is present. 

2. Sulphide inn, which may usually be detected by its odour 
on being dissolved or acidified, and, in any case, may* be recognised 
by the fact that it gives a hlack jirecipitatc with silver nitrate, 
interferes wit lithe detection of the other anions of the second group, 
and must, therefore, be removed before apjilying tests for these 
(ef, also 9, p. 

If free liydrogen sulphide is ])re.sent and the solution free from 
cyanide, the former may be boiled off and may be recognised by its 
odour during the [irocess or by the tests given in Sec. 124, 4 or 5. 
Otherwise the sulphide ion may be removed by adding an alkaline 
zincate solution (zinc sulphate treated with sutlicient alkali hydroxide 
solution to re-dissolve the preei])itate first formed), and filtering 
off the ri'sulting zinc suljihide. 

If an insoluble mixture of sulphides with chlorides, bromides, 
or iodidi's is [iresent. it. should be fused with sodium carbonate and 
potassium nitrate, and the fused mass treated with carbonic acid 
water. The solution then contains the sulphur as sulphate ion ; 
also chlorine, bromine, or iodine ion. Bromate and iodate ion may, 
of Course, have been formed as well. In order, therefore, to reduce 
these to bromine or iodine ion, dilute sulphuric acid and sulphur 
dioxide or another suitable reducing agent in slight excess shoidd 
b(‘ added. 

d. Ferrocijnnngen, ferricynnogen , and ihioegunogen inns may be 
readily recognised by their characteristic reactions with ferrops 
sulphate or ferric chloride, even in the presence of the other members 
of the .second group. In testing for thiocyanogen ion, however, 
note shouhl be taken that in the presence of iodide the iodine is 
liberated by ferric chloride ; the iodine dissolves in an excess of 
alkali iodide solution, giving a red liquid. On the addition, however, 
of even one drop of ferric chloride all risk of a mistake is obviated. 

Ferroeganngen ion may be separated from ferricyanogen, cyanogen, 
thiocyanogen, chlorine, and bromine ions, but not from iodine ion, 
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by treating the frcs]ily-sej)aratcd silver })reeij)itate witli ammonia, as 
silver ferrocyauide is insoluble in ammonia solution. 

4. Cyanoqen wn may be recognised in the absence of ferro- and 
ferricyanogen ions by the Prussian blue reaction with a ferrous 
ferric salt ; in tlie absence of thiocyanogen ion by conversion into 
thiocyanate and treatment with ferric chloride (Sec, 120, 8).^ 

Cyanogen ion may ])e separated from ferrocyaiiogen, ferri- 
cyanogen, and from thiocyanogen ions (u) by treating it with sodium 
hydrogen carbonate and distilling the liquid (see Part 11. , Kubiic 
No. (.331) 2^/). Only hydrocyanic acid passes into the distillate. 
(/>) Cyanogen ion in the presence of ferrocyanogen, ferricyanogmi, 
and thiocyanogen ions may be detected by adding the solution 
under examination to an ammoniacal solution of a ciijmc salt 
treated with a little Iiydrogen sul])hide. Decolorisation is produced 
by cyanides, but not by the other ions (Barnebv, (Jhem, Zexir., 
1011, II., 4.35). 

The detection of cyavoqet} and hydroyen cyanide j)resent together 

’ A Cl it leal work on the nio.st important reaetions of hydrocyanic acid Jias 
boon published by l<b Anderson, Znheh. amtl (Jhun., 55, We giv(> hero 
tlie table in which Anderson sets out the result of his exjxirinients on the 
sensitiveness of the various reactions. 


I Coucentration 
Detection of hydro- j ofthepotas- 
cyanlc acid as i siuiii cyanide 
solution. 


Silver cyanide 


1 , 10,000 

Potassium 

cyanide 


Prussian blue . 


Thiocyanate 


With picric acid 


Guaiacum tincture 


];l,ooo 

Potassium 

cyanide 

1 / 1,500 

Pota.s.sium 

ferrocyanido 

1 , 10,000 

l*otas.sium 

eyanidi' 

1/100 

Potassium 

cyanide 

1 / 100,000 

Pota-ssiuni 

cyanide 


Capable of dcleellon in 
dilution of 


Content of 
CN ill 10 c.c. 
solution. 

ommYm 

0-(HKK)303 

0-0(K)024G 

O-tHHUKM 

0tM)U393 

0-00(K)(K)393 


UCN 

nceoraing to 
te.st. 

1 : 24.0.000 

1 : 

J : 31), 1(H) 

J : 24.^), (KK) 

1 : 2,450 
1 : 2,450,000 


HCN 
I as 
puhlMied. 

1:2.50, 0(H)* 

1 : 50,000* 

I 

1 ; lOO.OtH) 

i 1 : 2,tH)0** 

j 

! 1:300,000 


♦ Link u. Mockel, ZeAt^ch. anal. Chem., 17, 455. 
•* C. Reichardt, Ghem, ZeiL, 26, 537. 
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ill ^fascous mixtiiros may, acoorfliiig to illiodes [Zeitsch. aval. 
Chern., 53, 199), be elTecied by conducting the gas through 
absorption tubes containing silver nitrate solution, whicli has lieen 
acidified witli nitric acid, ami then through tubes containing 
N/2-potassium Iiydroxide solution free from chloride. In the first 
absorjition vessels liydroeyanic acid is retained and separated as 
silver (jyanide, whilst tlie cyanogen gas is absorbed by the potassium 
Iiydroxide. The resulting ])otassium cyanide may be recognised 
by file known methods. 

5. Th(' detection of iodine, bromine, and chlorine ions may be 
interfered wifli by the presence of cyanogen and thiocyanogen or of 
complex ions containing cyanogen. Hence, if necessary, these must 
first be destroyed or nunoved. 

(a) This may be done by precipitating all the anions of the 
second group witli silver nitrate after removing the sulphide ion (see 
2), and vjniliwj the separated and washed .suVeer precipitate (a])art 
from the filter) in a jiorcelain crucible. Whereas silver cliloride, 
silver broiuidi', and silver iodide do not dec,oni])ose on fusion, the 
silver salts of cyanogen and (»f the conijilex cyani(h‘s are decomposed 
and leav(', only silv<*r as a residue, which, in tlu^ jiresence of silver 
thiocyanafe, may contain sulphide, (a) By fusing the residue 
obtained after ignition with sodium potassium carhonate (to which 
a little potassium nitrate is added if thiocyanogen was originally 
])resent), and extracting the fused mass with water, there will remain 
in solution only alkali chloride, bromide, and iodide (possibly also a 
little alkali sulphate, bromate, iodate, nitrate, and nitrite. 8ee the 
end of 2). (/3) Instead of fusing the ignition residue of silver salts 
with alkali carbonate, it may l,e reduced with nascent hydrogen. 
It is treated with dilute sulphuric acid, a fragment of zinc added, 
allowed to stand for some time, and the resulting .solution containing 
chlorine, bromine, and iodine ions, together with zinc ion, filtered. 
If thiocyanogen was originally present, the solution may be freed 
from hydrogen sulphide by boiling it, or by rendering it alkaline, 
and filtering oil the zinc sulphide. 

{1)) (/'yanogen, ferrocyanogen, and thiocyanogen ions may be 
removed by precipitation with cupric sulphate in the ])resence of an 
excess of sulphur dioxide. In this case, however, iodine ion is also 
precipitated, whilst the filtrate may be tested for chlorine and 
bromine ions. Bromine may be liberated by potassium permanganate 
and sulj)huric acid (Curtman and Wikoff, Chem. Zentr., 1915, L, 1280). 

0. Iodine ion may be recognised easily and with certainty 
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(a) by its rcarti(jn with palladoiis chloride, by means of which it may 
also be separated from bromine ion (Hec. 119, 5, and Sec. 118, 4), 
and especially (6) hj liheraimg the iodine in its elementary condition, 
and noting the blue coloration it gives with starch pasted or the violet 
coloration of its solution in carbon bisulphide. 

These two reactions may l)e interfered with by the presence of 
cyanogen ion (which in such a case must be removed, as in 5 (a)), 
and by bromine or chlorine. Consequently, if they are present, 
the iodine must be liberated by such means or under such conditions 
that the bromine or chlorine is not set free. 

The reaction with carbon bisulphide may lead to errors in the 
presence of thiocyanogen ion. if nitrous a(‘id is u.sed for the liberation 
of the iodine, because even in the absence of iodine this may juodiice 
a red coloration (Nadler). 

The starch iodide, reaction is influenced by the presence of many 
salts — alum, magnesium sulpliale, alkali aul})hate, etc. 

The starch iodidv,?LS also the carbon bisulphide reaction, may be 
entirely prevented by the presence of many organic .substances, 
e.g. by albumin (Puchot), resorcinol, orcinol, and jdiloroglucinol 
(Hlasiwetz), tannin, and others. Organic substances must, therefore, 
be removed before making a test for iodine, eg. by fusion with 
alkali carbonate and potassium nitrate, or the iodine should be 
expelled as vapour. 

(c) To liberate iodine nitrous acid dksolved in sulphuric acid, 
or potassium nitrite and dilute suljihuric acid, or red fuming nitric 
acid, may be specially recommended (.see, however, 0 (b), third 
paragraph, and 7 (u), fourth paragraph). Apart from these, many 
other methods have been proposed, as, for instance, iodic acid or 
alkali iodate and hydrochloric acid (Liebig), ferric chloride (or 
ferric sulphate or iron ammonium alum) and sulphuric acid, jdatino- 
hydrochloric acid and suljihuric acid (Hempel), jiotassium jier- 
manganate, or chromic acid in dilute acid solution, etc. 

In this connection we make the following observations : — 

Iodic acid should only be used with the greatest care, as on the 
one hand, iodine may be liberated from the reagent by reducing 
agents, even in the almence of iodine ion in tlie substance under 
examination, and, on the other hand, an excess of iodic acid 
immediately inhibits the reaction. 

^ For special details of method.s for carrying out this reaction, reference 
should be mafic to Morin, J. pnitA. Chem., 78, i ; and J^elnpcl, Ann. C/icm. 
Pham.. 107, 102. 
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The ferric compomuh do not act immediately in the ease of 
very dilute solutions. If, however, the mixture is allowed to stand 
for some time the reaction is very sensitive. An excess of the 
reagent does not matter. This method of liberating iodine is 
especiall^y to be recommended if the iodine is to be expelled in a 
gaseous form, c.g. in the presence of thiocyanogen ion. or of organic 
substances which interfere with the identification reactions, In 
such a case the solution should be heated almo.st to boiling point 
and the vapour allowed to come iji contact with paper moistened 
with starch ))aste. 

Ferric salt, free from chloride, may also be used with advantage 
for the separation of iodine from chlorine and bromine ions, the 
liberated iodine being separated by shaking with carbon bisulphide 
(see7W). 

The reaction with plat inch gdrochloric acid is characterised by 
the fact that it gives a dark red coloration (see Sec. 31, p. 131). 

To detect iodine by means of starch jiaste in a solution in which 
it has been liberated with permanganate, the reaction should only be 
noted after six to twelve hours, as otherwise the permanganate 
coloration may have a disturbing effect. 

Permanganate and nitric acid can oxidise all the iodine ion 
to iodate ion on heating, whilst chlorine ion and bromine ion are 
converted into volatile compounds (A. F. Seeker and Mathewson, 
Zeitsch. anal. Cheni., 55, 201). 

(d) The separation of iodine ion from chlorine and bromine ions 
may be efi’ected by treating the preeijutated sileer compounds ivith 
ammonia, and more completely by precipitating the iodine ion as 
cuprous iodide (Sec. 110, G). Iodine ion is best separated from 
bromine ion alone by means of palladous chloride, which only pre- 
cipitates the iodine ion ; it may be separated from chlorine ion by 
means of palladous nitrate, or, after the addition of a sufficient 
quantity of ammonium sulphate, by thallous sulphate (Jannasch 
and Aschoff). ^ 

7. The properties of free bromine, e.g. its colour, its odour, and 
especially the reddish-yellow colour of its solution in carbon bisul- 
phide, are character i.stic of bromine ion. It is, however, only possible 
to observe these properties with certainty when iodine or chlorine 
cannot be simultaneously liberated in the elementary condition. 
Bromine ion must, therefore, be separated from them if they are 
present. The iodine may as a rule be detected simultaneously. 

(a) Tlie iodine is liberated by an agent which has no effect 
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on bromine ion, that is to say, either by tJic atblition of ferric 
chloride or potassium nitrite or a solution of nitrous acid in con- 
centrated sulphuric acid, or red fuming nitric, acid to the liquid, 
sliglitly acidified with sul 2 )huric. acid. The presence of iodine may 
be detected by shaking the liquid, with carbon bisulphide, which turns 
violet, or by means of starch paste, which turns blue. 

If chlorine water is gradually added with constant stirring, the 
iodine reaction is at first intensified, but the colour will then fade, 
owing to the formation of iodine chloride, and, finally, on the further 
addition of chlorine water, bromine is liberated ; this may be recog- 
nised by the fact that on shaking the liquid with carbon bisul- 
]>hide the latter turns red. An excess of chlorine water should be 
avoided, as otherwise the bromine coloration will disappear (Sec. 
118, 0). 

In the presence of much iodine, the liquid, shaken with carbon 
bisulphide, may ])e poured through a moist filter instead of converting 
all the iodine into iodine chloride; the carbon bisulphide containing 
the iodine will remain on the filter, 'the filtrate is now t reated witli 
fresh carbon bisulphide and chlorine water added. If nil the iodine 
was previously liberated, the bromine coloration will now appear ; 
otherwise the carbon bisulphide becomes violet again, and only turns 
reddish-yellow after the addition of more chlorine water. 

If a chloride is also present in the solution, and it is a (piestion 
of small quaMitm of iodine ion, great care must be taken in adding 
nitrous acid (one drop of the nitrite solution is sufficient), so that the 
iodine reaction does not disappear, owing to the appearance of 
by-reactions. 

(6) The iodine may also be expelled by heat, after it has been 
liberated by sulphuric acid and ferric sulphate (free from (chloride), 
the solution now free from iodine heated with potassium [jermanga- 
nate, and the bromine expelled and conveniently taken up in a 
little chloroform. The permanganate in the residue may be reduced 
by means of alcohol, and the test for chlorine ion made with silver 
nitrate (Hart). 

8. Chlorine ion may be recognised, in the absence of the other 
members of the second grou]», by precipitation with silver nitrate, 
as well as by its properties in the elementM,ry condition. 

In the presence of bromine and iodine ion it may be detected 
in the following manner : — 

(a) The solution in which the halogens are present, together 
with the ions of the alkali or alkaline earth metals, is heated with 
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dilute (2 to 3 per cent.) acetic acid and lead peroxide, until the 
liquid is almost colourless on standing and no longer has the faintest 
odour of iodine or bromine. In this process all the bromine and a 
part of the iodine escapes, the rest remaining as lead iodatc with 
the excess of lead peroxide. The liquid is filtered, the precipitate 
washed* with boiling water, and the cldorinc ion in the fdtrate 
precipitated with silver nitrate (Vortmann). 

If cyanogen ion was also originally present, it is advisable to 
expel tills first, by heating the solution for a .sufficient time with 
acetic acid before the liquid is heated witli lead peroxide. 

{!)) To defect chlorltie, hromine, und iodine ionn in the presence 
of one another, the freshly olitained precipitate of silver chloride, 
silver bromide, and silver iodide (waslied by decantation) is heated 
with about 8U to KK) times its weight of an aipieous solution of 
ammonium sesquiearbonate (iSec. 117, 4, p. 440, footnote) for 
2 or 3 minutes until it boils, the mixture allowed to stand for a short 
time, decanted, and again boiled with a further quantity of ammo- 
nium sesquiearbonate solution. The solution will contain silver 
chloride (together with a trace of silver bromide). On treating the 
residue of the silver bromide and silver iodide wdth 5 per cent, 
ammonia solution (sj). gr. 0*1)783) the silver bromide twith traces of 
silver iodide) dis.solve.s, whilst almo.st the whole of the silver iodide 
is left (Hager). The precipitates from the ammoniacal solutions, 
and the still undis.solved silver iodide, may then be fused separately 
with sodium carbonate. On treating the fused nias.ses witli w'ater, 
and filtering the liquid, the halogen ions in almost pure condition, 
as well as sodium ion, will be found in the resj)ective solutions, and 
further tests may then be made. The detection of chlorine ion is 
best effected by almost neutralising the liquid witlrsulphuric acid 
(the reaction must, however, remain alkaline), evaporating it to 
dryness, fusing the re.sidue with potassium dichromatc, and testing 
it according to Sec. 117, 8. The following process for detecting 
small quantities of chlorine ion in the presence of iodine and bromine 
ions is based on a similar pj-inciplc. The completely w*ashed silver 
precipitate is treated for a few minutes in the cold with 4 to 5 times 
its volume of a 10 to 15 per cent, solution of ammonium sesqui- 
carbonate, allowed to subside, fdtered oil', and the filtrate treated 
with potassium bromide. The silver ion, which dissolves as silver 
chloride, and consequently the chlorine ion, may be recognised by 
the formation of a precipitate. If iodates or cyanides were present, 
they should first be destroyed (L. L. de Koninck). 
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(c) Chlorine, bromine, and iodine ions in the presence of each 
other may be recognised by spectroscopic methods (Al. Mitscherlich, 
Zeitsch. anal. Chem., 4, 153). i 

9. A systematic course for the detection of all members of the 
second group of inorganic anions has been given by H. C. B. Weber 
and H. A. Winkelmann, C/ivn}. Zenlr., 19J7, I., 341. 

It is based on the following jirinciples : (a) Tlic solution is 
treated w'ith zhic nitrate and nitric acid. The precipitate contains 
zinc ferro- and ferri cyanides. It is filtered olf, dissolved by means 
of sodium hydroxide solution, and treated with ammonia. Zinc 
ferrocyanide is jirecijiitated, and may be converted into Prussian 
blue ; zinc fcrricyanide remains in solution and. on the addition of 
nitric acid, is precipitated. (6) Silver nitrate is added to the filtrate 
of (ff) ; the ions of cyanogen, thiocy«inogen, chlorine, bromine, iodine, 
and sulphide ion are precipitated as silver compouud.". (c) The 
precipitate is treated with mercuric acetate, whereby silver cy anide 
is decomposed. Cyanogen ion then dissolves as mercuric cyanide, 
and may be detected, e.g. by conversion into thiocyanogen ion. 
(d) The residue of (c) is treated with sodium formate and sodium 
hydroxide, silver thiocyanate, and silver chloride being decoinjioscd. 
Thiocyanogen ion and chlorine ion dissolve as sodium salts. 4’he 
former is separated as cuprous salt, and the chlorine ion is precipi- 
tated with silver nitrate in the filtrate from this, (r) I'lie residue 
of (d) is treated with copper and ammonia ; bromine and iodine 
ions dissolve as copper-ammonia compounds. The latter may be 
separated as cuprous iodide, the former as silver bromide. (/) The 
residue of (e), silver sulphide, is oxidised with nitric acid to silver 
sulphate, and the sulphate precipitated with barium nitrate.^ 

1 With regard to tlie detection of small quantities of ehlormo ion in the 
presence of much iodine ion, cf. JJietzell, Zeitsch. anal. Chem., 8, 453 ; small 
quantities of bromine ion in the prc.scnce of chlorine ion, ilerglung, Hid., 24, 
184 ; small quantities of chlorine or bromine ion in the presence of much 
iodine ion, Bohlig, Ibid., 9, 315 ; small quantities of iodine in bromine and 
bromides, .fori.ssen. Ibid., 19, .353 ; ehlorims bromine, and iodine ion in the 
presence of each other, Bechan, Ibid., 28, 705; Jones, Phaim. Zcntralh., 25, 
183 ; Macnair, Ibid.,Z^, 519; Hager, Chem. Zentr., 1885, 315; Keblcr, 
Ibid., 1893, L, 365 ; and the collective articles, Zeitsch. anal. Chem., 34, 599 
and 752. 

* Other methods have been proposed for the detection of the ions of chlorine, 
bromine, iodine, cyanogen, ferrocyanogen, ferricyanogen, also of chlorate, 
bromate, and iodatc ions (or hydrogen sulphide) in the presence of one another, 
by Longi, Zeitsch. anal. CVtewi., 23, 70 ; and by Wells and Vulte, riiarm. Zcntralh., 

31,118. 
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Members of rarer occurrence of the second (jroup. 

The anions described in the following Sections 126-120 cannot 
be given definite jKjsitions in the s^'stcni of analytical grouping. 
They yield no ])reeipitates with barium chlorkle, therefore do not 
belong to the first group ; they give precipitates with silver nitrate, 
and therefore do not belong to the third group ; their ])rccipitates 
witli silver nitrate are unstable, decompose with the separation of 
silver, or are more or less soluble in water or nitric acid, and there- 
fore scarcely belong to the niembers of Jiiorc froc|uent occurrence 
of the second grou]). 

8e('. 126. 

1. Nitrous acid, IfNOo (Nitrite ion, NO'o). 

1. The anli}'dridc of nitrous acid, nitrogen trioxide, is, at 

the ordinary temjieruture, a brownish-red gas, which, when subjected 
to cold, can bo condensed to a blue liquid. It decomposes in 
gaseous form to a certain extent into nitric oxide and nitrogen 
peroxide, NoO.-j^NO+NO^. When brought into contact witli 
water, it decomjioses (at least the greater portion of it) into nitric 
oxide gas, whicli escapes, and nitric acid, which dissolves : 

3No03+n20-2HN03-f4N() 

2. Nitrous acid, HNOo, is not known in the free condition. 
Although it dissolves in water, it generally decomposes in the 
process in the above-mentioned manner. The anion NO'o combines 
with metals to form salts, nitrites. These are nearly all soluble in 
water, and arc decomposed on ignition. If treated in the solid 
condition, or in concentrated solution, with dilute sulphurii; acid, 
nitrous acid is liberated, with the formation of suljihate ; the nitrous 
acid, however, decomposes immediately into nitric oxide (which is 
oxidised in the air to reddish-brown nitric peroxide) and nitric acid. 

hrom very dilute solutions of nitrites, hoAvever, it is possible, 
by means of acidification with acetic acid and distillation, to obtain 
a liquid in which almost all the nitrous acid is present in aqueous 
solution in undccomposed form, and since the greater portion will 
have distilled with the first fractions, it will be present in fairly 
concentrated condition. 

Nitrous acid is a moderately strong acid, about 20 times as 
strong as acetic acid (dissociation constants 0.45.10“^). Its salts 
are slightly hydrolysed in aqueous solution, and in fresh solutions 
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give a faint alkaline reaction. The alkaline reaction is increased 
if the solutions are allowed to stand, as a portion of the NO '2 ion 
is decomposed into NO and NO '3 and the positive charge disappears, 
being withdrawn from the H' ions present in the solution, with the 
simultaneous formation of liydroxides of the respective cation and 
the evolution of hydrogen. 

Owing to the instability of nitrous acid, it reacts, as do its salts, 
comparatively easily, effecting both oxidations and reductions ; 
but since the nitrites are nearly all soluble in water, it gives few 
precipitation reactions. On the other hand, it reacts on many 
organic substances to form coloured compounds, and especially 
on aromatic amino compounds, with the formation of diazo and azo 
compounds. 

3. Silver niirulc produces in nitrite solutions a white precipitate, 
soluble in a large quantity of water, especially on heating. 

4. Cobaltous chloride and acdic acid yield with pulassiuin nitrite, 
without further addition (with another nitrite if a potassiuin mil 
is present), a yellow precipitate of poUcmuni cohaltinitrilc (cf. !Scc. 
28, 6 ; ^Sec. 60, 1-3). 

5 . Ferrous sulphate in excess produces in neutral nitrite solutions 
a pale brownish-yellow coloration, which, on the addition of an 
acid, however, is dark brown, owing to the nitric oxide dissolving 
in the ferrous sulphate solution ; this coloration is also produced 
by weaker acids — acetic acid or cihic acid. (Distinction from nitrate 
ion, which does not give the reaction in acetic acid or citric acid 
solution.) 

6 . Iodine is liberated from iodides, e.rj. potassium iodide or zinc 
iodide, by means of nitrite solution acidilied with sidphuric acid. 
This sensitive reaction is generally carried out by treating the liquid 
under examination with a starch paste o£ potassium or zinc 
iodide ^ and acidifying the liquid with sulphuric acid (Price, 
Schonbein). 

If the solution under examination contains O'OOl per cent, 
{potassium nitrite, the reaction will take place after a few seconds, 
and if it contains 0*0001 per cent, after a few minutes. The reaction 
is, of course, only decisive if no other substances which liberate 

1 A stable ziuo iodine starch solution raa;> be obtained as follows : 4 grms. 
of powdered starch and 20 grms. of zinc chloride are boiled with about 100 grms. 
of distilled water, the evaporating water being n‘plac(‘d until tlu' crust over 
the starch is almost completely dissolved ; 2 grms. of dry zinc iodide are then 
added and the whole diluted to 1 litre and filtered. The solution sliould be 
kept in well-closed bottles in the dark. 
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iodine are present, e.g, ferric chloride ^ or cupric salts. If the 
reaction is to 1)C used for the examination of drinking-water, and tliis 
di8tur])in" influence is feared, about 3(J<) c.c. may be acidified with 
acetic acid, distilled, and the first drops received in the zinc iodide 
starch paste (acidified with sulphuric acid). Naturally no sub- 
stances ^hich destroy nitrous acid, e.g. hydrogen sulphide, must be 
})re8ent in the liquid which is to be distilled. 

7. Ui/drogen sulphide produces, immediately in solutions eon- 
tainirif^ free niirous acid, and gradually in the solutions of neutral 
alkali nitrites a while precipitate of sulphur. 

(S. On treating water with indigo solution until it ])eeomes opaque 
and then with hydrochloric acid and just sufHeient alkali polgsulphide 
to decolorise the solution completely, and finally adding to tlie 
clear filtrate a liquid to be tested for nitrite ion (e.g. drinking water), 
a distinct blue coloration will ap})ear, even in the case of very con- 
siderable dilution (tSchonbein). The reaction is only decisive when 
other oxidising substances are not present. 

9. A solution of diphenylawine in concentrated sul])huric acid 
is coloured deep blue by nitrites. The reaction is sensitive, but 
not characteristic, as many other oxidising agents also produce a 
blue coloration (Hoc. T30, 10). 

10. Pyrogallic acid gives a brown coloration to a solution of 
nitrites acidified with sulphuric acid, even when very dilute 
(Scheinbein), 

11. A slightly acid nitrite solution (treated e.g. with acetic acid) 
is not changed by potassium thiocyanate, but on the addition of a 
strong acid (nitric acid, hydrochloric acid, sulphuric acid) a dark 
red coloration will appear ; this disaj)pears on the addition of 
alcohol or on boiling the liquid for a short time. (Distinction from 
ferric thiocyanate ) When shaken with carbon bisulphide the 
colouring substance is, to a great extent, taken iq) by it. 

12. Potassimn permanganate does not react with nitrites in 
neutral solution. In acid solution it is reduced by nitrites and 
cons(a{U('ntly decolorised. 

Id. On treating a li<piid containing nitrite ion witli a colourle.ss 
solution of nietaphenylenediamine in an excess of dilute sulphuric 
acid ^ or hydrochloric acid, a characteristic yellotv coloration will 
appear, even in exceedingly dilute solutions (P. Griess). 

^ 'riaulinturlungitifliK'ncoof forric salts maybe obviated by the addition of 
disodium hydrogen phos])han‘ (Artninnn, Chem. Zentr.. lUld, L, 2002). 

'J’ho solution i.s decolorised with animal charcoal, and may tlu'n he kept 
for months in a closed vessel. 


31 
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14. On adding to a liquid containing a nitrite ion a solution 
of sulphanilic acid, mixed with a colourless solution of a-naphthyl- 
amine in acetic acid,i and heating it at 70° to 80°, a red coloration 
will appear, turning rapidly to yellow in concentrated solutions, 
and a permanent 2 )inkish-red coloration in dilute solutions (P. Griess, 
L. Ilosvay, Lunge, and Lwoff). 11. Erdmann {Zeitsch. anger. CJmn., 
13, 83) recommends in addition to sulphanilic acid the use of 
V8-a}mnonap}itholA'6-(lisulphonic acid (so-called arninonaphtJiol-K- 
acid). This yields a very intense wine-red coloration. 2 

If). For the detection of nitrous acid in concentrated sulphuric 
acid the following reaction is especially suitable : A trace of resorcinol 
is added to 1 c.c. of the acid, the mixture diluted with 5 c.c. of 
water and shaken. The smallest trace of nitrous acid may be 
detected by a yellow coloration (Wilson, Deniges).*^ 

10. With regard to the microcheinwal detection of nitrites, see 
Behrens-Kley, Mihrochemische Anahfse, 3rd ed., ]). 172. 


Seo. 127. 

2. Hypochlorous acid, HCIO (Hypochlorite ion, CIO'). 

1. H i/pocJdorous acid, HCIO, is not known in the free condition. 
Its anhydride, chlorine ntonoxide, CI 2 O, is, at the ordinary tempera- 
ture, a deep yellow gas with an unpleasant irritating odour similar 
to that of chlorine ; it decomi)oses explosively when heated into 
chlorine and oxygen, and is soluble in water with the formation of 
hypochlorous acid. The dilute aqueous solution can be distilled. 

* 0-1 grni. of pure (white) a-naphthylamino i.s dissolved by boiling it for a 
quarter of an liour with 100 c.c. of water, 5 c.c. of glacial acetic acid, and a 
solution of i grm. of sulphanilic acid in 100 c.c. of water added, and the whole 
kept in a well-closed vessel, the colour having been removed if necessary by 
shaking with zinc dust. 

2 With regard to thi.s reaction, see also Zeilsch, anal. Chem., 41, 703. 

3 Further reagents for the detection of small and very small quantities of 
nitrous acid are : Diaminobenzoic acid (P. Griess, Zeitftch. anal. Chem., 10, 
92). Carbolic acid and mercurous nitrate (P. G Plugge, Ibid., 14, 131 ; Denig^s, 
Ibid., 36, 310). Magenta (A. Jorissen, Ibid,, 21, 210). Para-aminobenzene- 
azodimethylaniline (Meldola, Bn., 17, 250; Zeitsch. anal. Chew., 24, 98). 
Gallic acid (Davy, Zeitsch. anal. Chem., 23, 72), Antipyrin (Curtman, Ibid., 
29, 19^ ; M. C, Schuyten, Chem. Zentr., 1890, II., 801). Sulphanilic acid and 
phenol (P. h'. Frankland, Zeitsch. amd. Chem., 30, 7 13). Potassium ferrocyanide 
and acetic acid (Scheffor, Deventer, Brr., 26, 589). Concentrated sulphuric 
acid and cuprous oxide (Sabatier, Chem, ZejUr., 1890, II., 318). Aniline and 
glacial acetic acid (Denig^'s, Zeitsch. amd. Chem , 36, 310). Naphthionic acid 
(Riegler, Ibid., 36, 077 ; 36, 300). Pyrogalloldimethylester (Meyerfeld, Chem. 
Zeit., 34, 948). Benzidine, o-toluidine or dianisidine (Primot, Chem. Zentr., 
1912, II., 1846). Diphenylbenzidine (Letts and Rea, Ibid., 1914, II., 203). 
Indol (Dan6, Ibid., 1910, II., 1405 ; 1911, 1., 1703). 
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Hypochloroiis acid is a very weak acid with the dissociation const/ants 
3.7.1U 2rtt 17°. 

2. The iiypochlorous acid salts, the hy'pochhriles, occur as a 
rule with chlorides, for example, in chloride of lime solution, eau 
de Javelle, etc. (Their formation is based on the hydrolytic 
decomposition of chlorine by water : Cl2-}-H20^ir-f-C'r-f HCIO, 
for examjdo, fllo-f 2NaOH— NaClO-j-NaCl-f II2O.) Tlieir solutions 
undergo partial hydrolytic dissociation corresponding to the low 
strength of the hypochloroiis acid ; they change when boiled. 
Chlorine and chlorate ions are formed from the hypochlorite ion 
(in dilute solutions without the evolution of oxygen, in concentrated 
solutions, or in the presence of suitable catalysts with such evolii- 
tioi>^. On mixing a solution of chloride of lime with an excess of 
hydrochloric or sulphuric acid, chlorine is evolved, whereas on the 
introduction of carbon dioxide into chloride of lime solution, 
hypochloroiis acid or chlorine monoxide is liberated. 

3. i^ilver nitrate jirecipitates silver chloride from chloride of 
lime solution which has been so neutralised with nitric acid that it 
no longer has the odour of chlorine ; the silver hypochlorite tem- 
porarily formed very soon decomposes into silver chloride and 
silver chlorate (3AgCi()=AgC1034-2AgCl), 

4. [jHul nitrate or lead acetate produces a precipitate which is 
at first white, gradually turns orange-red, and finally, owing to the 
formation of peroxide, becomes brown. i 

5. Manf/anoiis salts yield brownish-black prccijiitates of hydrated 
manganese dioxide. 

6. Free hypoohlorous acid produces, when acting on mercury, 
yellowish-brown mercuric oxychloride (whereas chlorine yields 
mercurous chloride), Tf there is so little hypochlorous acid jiresent 
with much chlorijie that, after shaking, the colour of the precipitate 
does not clearly indicate hyiiochlorous acid, the preci])itate which 
is formed after long shaking should be treated with hydrochloric 
acid (which dissolves the oxychloride, but leaves the mercurous 
chloride unchanged), and then filtered off ; hypochlorous acid will 
be recognised by the presence of mercuric chloride in the filtrate. 
Hypochlorites may be detected more readily than the free acid by 

^ R, Frosonius ha.s based on this reaction a metliod of separating hypo- 
chlorite ion from chlorate ion, i.e. of detecting chlorate in chloride of lime 
{ZeitHch. anal. Chem.. 34, 434). The chloride of lime solution is treated with 
lead acetate, the liquid filtered, the excess of lead in the filtrate removed by 
sulphuric acid, and the test for chlorate ion made with indigo solution and 
sulphur dioxide (Sec. 13 1, 5). 
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shaking their solutions with mercury, because in their presence 
yellow niercuric oxide (which gradually turns red) is formed, and 
this adheres to the sides of the glass tube when shaken. Chlorites 
and chlorates have no action upon mercury (Wolters). 

7. On shaking a solution of free hypochlorous acid with poirdcred 

silirr oxygen escapes. (Distinction from chlorine.) " 

8. A solution of 'potassium permanganate is not decolorised. 
Litmus and indigo tincture are slightly decolorised, even by alkaline 
solutions, and considerably on the addition of an acid. 

1). If a solution of arsenious acid in hydrochloric acid is rendered 
blue by means of indigo solution, and a solution of chloride of lime 
added with continuous stirring, the colour will only begin to disap])ear 
when all the arsenious acid has been converted into arsenic acich 


Sec. 128. 

3. Hypophosphorous acid, HPHoOo (nypophos 2 )hite ion, rH20'2). 

1. The concentrated solution is of the consistency of syrup, and 
resembles that of phosjdiorous acid (Sec. 1J3), to which it is similar 
in that, when heated in the absence of air, it is decomj)osed into 
phosphoric acid and hydrogen phosphide gas, which does not ignite 
spontaneously. Hypophosphorous acid is a moderately strong 
monobasic acid. 

2. Nearly all the salts of hypophosphorous acid, the hypophos- 
phifes, are readily soluble in water ; they arc all decom})osed on 
ignition into phosphates and, as a rule, into hydrogen ])hosphide, 
gas which ignites spontaneously, and portions of which are decom- 
posed into phosphorus and hydrogen. 

3. Barium chloride, calcium chloride, and lead acetate do not 
give precipitates. (Distinction from j)hosphitea). 

4. Silver nitrate produces with hypophosphites at first a white 
precipitate of silver hypophosphite, which turns black even at 
th« ordinary temperature, and more rapidly when heated, with the 
separation of metallic silver. 

5. Hypophosphites precipitate mercurous chloride from a solution 
containing an excess of 'mercuric chloride, slowly in the cold, and 
more rapidly when heated. 

6. On treating a nitric acid solution of ammomum molyhdate 
(Sec, 25, C, 4, p. Ill) with a liquid containing a hypo})hosphitc ion, 
and adding a few drops of an aqueous sulphur dioxide solution, a 
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blue precipitate, or a fine dark-blue coloration, will be formed on 
gentle heating. Hydrogen sulphide, thiosulphates, chlorates, and 
stannous chloride prevent this very sensitive reaction (Millard). 

7. A solution of cupric sulphate produces with liypophosphorous 
acid and with its salts, on heating, a reddish-brown precipitate of 
copper hydride (cuprous hydride), Cu.^H2. 

8. When brought into contact with zinc and dilute sulphuric acid 
hyjjophosphorous acid yields iiydrogen containing hydrogen phos- 
phide \cf. Phosphorous acid, Sec. 113, 11). 

Seo. 129. 

4. Hydronitric acid, HN3 (Azide ion, N^). 

1 . Htjdronilric acid 1 is a clear, colourless, mobile liquid with 
a very strong odour, reminiscent of hydrogen phosphide. Its 
va])ours have a pronounced action upon the mucous membrane, 
and explode violently when brought into contact with a flame, 
its aqueous solution is coloui’less, has an acid reaction, and is 
dissociated only to a moderate degree (to about the same extent 
as acetic acid, dissociation constants 1,9.10 ^ at 25°). It dissolves 
metals to azides with the evolution of hydrogen. By this means, 
as by reducing agents generally, it is reduced to ammonia and 
hydrazine : HN3+3Il2=NIl3-HN2n4. Oxidising agents, especially 
iodine, decompose it with the evolution of nitrogen : 2^311-1-12 
--3^2-1-2111. The latter reaction is considerably accelerated by 
the addition of a little sodium thiosulphate. Peric salts are also 
very suitable for the decomposition of hydronitric acid or of the 
azides ; they are reduced thereby to cerous salts, whilst nitrogen 
escapes. Puining hgdriodic acid causes the formation of nitrogen, 
ammonia, and iodine : IlN3-[-211I— N2-I-NH3-I-I2 (K. A. Hofmann 
and others, Hock). 

2. The salts of hydronitric acid, the azides, also called mlrides, 
decompose readily, and explode violently on heating or receiving 
a shock or blow, being decomposed into the elements. Most metal 
azides are soluble in water. 

3. t^ilver nitrate produces a white caseous precipitate of silver 
azide, AgNs (similar in ap])earance to silver chloride), which is, 
however, soluble in nitric aedd. 

1 Hydronitric acid, as also its salts, arc more or less strongly explosive 
substances, which arc decomposed very readily on heating, with the utmost 
violence, The greatest care, therefore, must bo taken when dealing with them. 
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4. Mercuric nitrate and leml nitrate or lead acetate also produce 
precipitates of the respective azides. 

5. On treating hydronitric acid or the solution of an azide with 
ferric chloride solution in excess, a characteristic deep red coloration 
of the solution will appear (L. M. Dennis and A. W. Browne, feitsch. 
anorgan. Chem.^ 40 , 09). 


Third Droui* of Inorgaxu; Acids. 

Anidns, which are precipitated neither by Barium Salts nor 
by Silver Salts. 

Nitric acid, chloric acid— or nitrate ion, chlorate ion — (perchloric 
acid or perchlorate ion). 

Sec. 130. 

(a) Nitric acid, HNOs (Nitrate ion, NO'g). 

1. Nitrogen penioxide (the anhydride of nitric arid), N^^Or;, 
crystallises in hc.xagonal prisms. It melts at 29*')^ and boils at 45“ 
(Deville), but at this temperature decomj)oses perce])tibly with the 
evolution of brown nitrogen peroxide vapours. Absolute nitric acid 
(never quite anhydrous) is a colourless (red, if it contains hyponitroiis 
acid) liquid of sp. gr. r52, which is very corrosive, has a strong 
oxidising action, rapidly destroys organic suhstances, and colours 
many substances containing nitrogen a bright yellow ; it fumes 
in the air and boils at 8(5“. Nitric acid belongs to the strongest of 
the known acids, and is extensively dissociated in aqueous solution. 

2. The neutral salts of nitric acid, the nitrates, are, with few 
exceptions (cinchonamine, Arnaud and Bade: jiitron, D. Busch), 
soluble in water ; on the other hand, a few of the basic nitric acid 
salts arc insoluble in water. All nitrates are decomposed when 
strongly ignited. In this process the nitrates of the alkali metals 
are converted first into nitrites, with the evolution of oxygen, and 
then into oxides, while oxygen and nitrogen escape ; other nitrates 
yield oxygen and nitrogen peroxide ; many (hydrated) allow nitric 
acid to escape. This behaviour may be especially well observed 
if the heating is carried out in a small ignition tube (p. 55, or 
Sec. 152, Rubric number 2). Escaping oxygen may be recognised 
by the fact that it causes a glowing splinter of wood, introduced into 
it, U) ignite. 

3. If a nitrate is thrown on to glowing charcoal, or if charcoal 
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or an organic substance, e.g, pajm, is brought into contact with a 
melting nitrate, an explosive fusion takes place, that is to say, the 
charcoal burns at the expense of the oxygen of the nitrate, emitting 
bright sparks. 

4. On mixing a nitrate with powdered potassium cyanide and 
heating the mixture on platinum foil, there is vigorous explosive 
fusion, accompanied by a distinct incandescence and a report. 
Ihis lest must only be carried out on a very smill scale. 

5. On mixing a nitrate with copper filings and heating the 
mixture in a test-tube with concentrated sulphuric acid, the air in 
the tube will become brownish-red, while the nitric oxide liberated 
in the oxidation of the C()[)[)er by nitric acid combines with the 
atmospheric oxygen to form nitrogen peroxide. The coloration is 
most distin(;tly visible on looking lengthways through the tube. 

0 . On treating the solution of a nitrate with an ecpial volume of 
concentrated sulphuric acid, free from nitric and nitrous acids, 
allowing it to cool, and then pouring a concentrated solution of 
lerrous sulphate over it, in such a way that the liquids do not mix, 
the zone, at the point of eontaet will first beeonie purple and later brown, 
or reddish in the case of very small quantities of nitrate ion. On 
mixing the liquid slightly the brown zone is extended. The nitric 
acid oxidises a portion <>1 the ferrous ion to ferric ion. and is thereby 
reduced to nitric oxide, which dissolves in the .solution of the excess 
of ferrous salt, giving a brownish-black colour : 21 IN 03 -l-( 6 'f x)FeS 04 
-f-3H280| -3Fe2(804)3 f[2NO l-.rFe80j|-l-tJl20. Large quantities 
of chlorides influence the sensitivene.ss of the reaction.^ A similar 
reaction takes place in the [ire.sence of selenious acid, but on mixing 
the liquid and allowing it to stand red selenium separates 
( Wittstock). 

7. On boiling a little hydrochloric acid in a test-tube, adding 
one or two drojis of a very dilute solution of indigo in sulphuric acid 
and boiling it again, the liipiid will remain blue, provided the hydro- 
chloric acid contains no free chlorine. On now adding a nitrate in 
solid form or in solution to the pale blue solution and again heating 
it to boiling [loint, the liquid will lose its coUmr, owing to the destruction 
of the indigotin. The addition of sodium chloride increases the 
sensitiveness of what is already a very sensitive reaction. It should, 
however, be noted that other oxidi.sing agents, especially free 
chlorine, also cause decolorisatioii. 

^ In tliLs cuimoctioii, .soo also W. Mauohot and Huttner, Lidiig's Ann., 
372, 153 ; Chem. ZeiUr., lUiO, I., 1085 ; Bcllucci, Cfwm. ZaUr., 1017, 11., 420. 
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8. On dissolving a little brucine in pure concentrated sulphuric 
acid i in a porcelain dish or on a clock glass, and applying to the 
edge of the fluid a drop of a liquid containing nitrate ion, the solution 
will at once assume* a fine red colour at the point of contact. This 
reaction is exceedingly sensitive. The bright red soon changes to 
yellowish-red. Chlorate ion gives a similar coloration, as docs 
nitrite ion under (certain conditions.- 

U. On dissolving 1 part of phenol (carbolic acid) in 4 })arts of 
concentrated sulphuric acid, adding 2 parts of water, and treating 
one or two drops of this liquid with a solid nitrate (or the residue 
left on evaporating a small quantity of Sj)ring water containing a 
nitrate), a reddish-hrown coloration will a})pear, owing to the formation 
of a nitro compound of the phenol. This coloration, which, on the 
addition of one or two drops of concentrated ammonia solutions, 
sometimes tuims transitorily green, eveiitually becomes yellow, 
owing to the formation of ammonium nifrophenol. This is a very 
sensitive reaction (Jl. Hprengel). 

The reaction may also be carried out either b}' adding to pure 
concentrated sulphuric acid one or two drops of the liquid being 
tested for nitrate ion, and then a crystal of phenol, and heating it ; 
or also by rendering the liquid under examination .strongly acid with 
hydrochloric acid, adding a little jdienol, and licating it to about 

to 90'^. In the presence of nitrate ion there tvill always appear a 
dark coloration, which, as a rule, is red or brown, and under certain 
conditions may be green (H. Hager). 

10. On pouring a little pure concentrated sulphuric acid on to a 
few crystals of diphenylamine, adding a little water, and mixing the 
resulting solution with more concentrated sulphuric, acid, an excellent 

^ The ordinary pure eonitnercial .sulphuric acid generally gives with brucine 
a pinkish-red coloration of its own accord, owinc' to its containing a small 
quantity of the o.\ygen compound.s of nitrogen. On diluting sucli an acid with 
water to a sp. gr. of I t and boiling it (preferably in a platinum dish) it may bo 
freed from such impuritie.s. 

* Cf. L. W. Winkler, Zt itHch. awjc.vK Chem., 15, 170, aciordiug to whom, 
on mixing the solution under examination witli i its volume t>f conccntiated 
sulphuric acid, and, after cooling, adding a little brucine, nitrite ion gives 
first a cherry-red, then orange, and finally a yellow coloration. Nitrate ion 
only reacts under these conditions if it is present in considerable quantity, 
but on adding the solution under examination drop by drop to 3 or 4 volumes 
of concentrated sulphuric acitl and dissolving a little brucine in the cooled 
solution, only nitrate; ion reacts. On mixing the liquid with 2 volume.s of con- 
centrated sulphuric acid and dis.solving a little brucine in the still hot liquid, 
nitrite and nitrate ions will react, jiroducing a lemon-yellow colour. VJ. also 
G. Lunge, Zeilsch. amjew. Vhern., 15, 241 ; as also Soltsieri, Chem. ZerUr., 1906, 
II., 1020. 
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reagent for nitric acid is obtained, which is most suitable for the 
detection of small quantities if it contains only 1 ingrm. of diphenyl- 
amine in 10 c.c. If about 0*5 c.c. of this solution is placed on a 
clock glass or the reversed lid of a porcelain crucible, and a drop of 
the liquid being tested for nitrate ion allowed to fall in the middle 
of the JTuigent, a fine blue-coloured ring will be formed, the extent 
of which depends upon the degree in which the liquids mix (E. Kopp). 

This very sensitive reaction may also be carried out by mixing a 
few drops of a solution of diphenylamine sulphate with the solution 
being tested for nitrate ion, and then adding pure concentrated 
sulj)huric acid so that two layers are formed. The blue coloration 
gradually turns to green, and finally disap])ears altogether. i The 
addition of chlorine ion increases the sensitiveness of the reaction. 
The interpretation of the reaction requires care, as many other 
oxidising substances, c.ry. nitrites, chlorates, hypochlorites, bromates, 
iodates, vanadates, chromates, permanganates, and molybdates, and 
also ferric salts, hydrogen ])eroxide, barium peroxide, etc., yield 
blue colorations (Laar). The solutions of diphcnyl-o-ioUikline gives 
a sitnilar and more sensitive reaction. It is, however, also produced 
by nitrites, chlorates, etc. (ilaus.sermann and Bauer, Bcr.^ 31, 
11987). Diphrnylbenzidme reacts in the same manne*’ (Letts and 
Kea, Chon. Zentr., 1914, 11., 2G3). 

11. On adding to a solution of a nitrate a few drops of a solution 
of paraloluidinc, sulphate, and then, carefully, an equal volume of 
concentrated sulphuric acid, so that the liquids do not mix, there 
will immediately appear at the point of contact of the two liquids 
a red zone, the colour of which gradually chaiiges to dark yellow. - 
The reaction is not so sensitive as those with brucine or diphenyl- 
amine, but, on the other hand, it is suitable for detecting nitrate 
ion in the presence of smaller quantities of nitrite ion, as the latter 
gives at first a yellowish or yellowish-brown coloration, which only 
after some time is converted into red (Longi). 

Chlorates and other oxidising agents produce similar colorations. 

12. On heating a solidTiitratc with a small quantity of a solutwn 

^ With regard to this reaction, cf. inter alios Ciiuniino, Zeiisch. aned. Chem., 
38, 429 ; Tillmans and Sutthof, Ibid., 50, 47.‘{ ; Hiokow, C/iein. Zentr., 1905, 
I., 402; Pinorua Alvarez, Ibid., 1905, L, 14,34 ; Frerichs, Ibid., 1905, 1., 957 ; 
Soltsien, Ibid., ItMlO, If,, 1020 ; Withers and Ray, Ibid., 1911, II., 489 ; do Jong, 
Ibid., 1913, II., 1824. 

* The reaction may also bo produced with a sulphuric acid solution of an 
aniline oil containing aniline and paratoluidine. C. 1). Braun recommended 
such a reaction as far back as 181)7 [Zeitsch. anal. Chcin., 6, 72). His method 
of carrying out the reaction differs slightly from that of Longi. 
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of salicylic acid in concentrated sulphuric acid (2 grnis. to 30 c.c.)i 
or on evaporating, a nitrate solution with the reagent, heating it 
until sulphuric acid vapours escape, and rendering the residue alkaline 
with alkali hydroxide, a yellow or orange coloration will appear. 
The reaction may also be used for the detection of nitrates in the 
presence of organic substances. In this case the substance under 
examination is heated with the reagent until sulphur dioxide vapours 
escape, the carbonised mass extracted with water, the solution 
evaporated, and alkali hydroxide added. The reaction depends on 
the formation of nitrosalicylic acid (Tingle, Chem. Zentr., 1915, II., 
202 ; 1916, L, 1041). 

13. On treating the solution of a marujanous salt in fuming 
hydrochloric acid with a few drops of a solution containing nitrate 
ion, a dark greenish-black coloration with a yellow tinge will appear, 
owing to the formation of MnCl 4 . The reaction is also produced 
by chlorates, hypochlorites, chromates, and lead peroxide (L. L. de 
Koninck, Chem. Zenlr., 1902, 11., 14). 

14. Very small quantities of nitrate ion may also bo detected 
by reducing them first to nitrite ion. This may be done by the wet 
or dry method ; the wet method consists in stirring the solution of 
nitric acid for a short time with a zinc rod, or heating that of the 
nitrate with finely divided ])referably with zinc amalgam, and 
then filtering it (Schdnbein) ; the dry method consists in fusing the 
substance under examination with pure .sodium carbonate at mode- 
rate heat, extracting the cooled ma.ss with water, and filtering the 
solution. If one of these filtrates is brought into contact with 
potassium iodide starch paste and dilute pure sul])huric acid, the 
liquid will be rendered blue by the starch iodide (cf. h5ec. 119, 10; 
as also Holtsein, Chem. Zentr., 1906, II., 1020). ^ 

15. On adding a small quantity of a 10 per cent, solution of 
nitron - in acetic acid to a .solution of a nitrate slightly acidified 
with sulphuric acid, a while precipitate of nitron nitrate is immediaiely 
produced. If the nitrate solution is very dilute, crystalline separa- 
tion takes place only on standing. The* reaction is, however, not 
characteristic of nitrate ion, as other anions give nitron compounds 

* With regard to further reactions for the detection of small quantities of 
nitrate, cf. Ureal, Chem. Zentr., 1888, 804 ; Lindo, Ihid., 1888, 1442 ; llosonfeld, 
Zeitsch. anal. Chem., 29, 001 ; E. Luther and v. Udranszky, Ibid., 29, 732 ; 
Vital! and Bringhelli, Ibid., 38, 540; Deniges, Chem. Zentr., 1911, II, 239; 
Iwanow, Ibid., 1913, I., 844. 

® Nitron (synthetically pre])ared by Busch) i.s the base diphenylonedianilo- 
dihydrotriazolc. It may bo jjrocurod from E. Merck in Darmstadt 
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which dissolve with difficulty, such as bromide, iodide, nitrite, 
bromate, chlorate, })erchIorate, thiocyanate, ferro- and ferri- 
cyanogen, and picrate ions. Nitron oxalate dissolves also with 
difficulty in water, but, on the other hand, it docs not separate in 
strong acid solution (M. Busch, Ber., 38, 861). 

16. (In treating a strong hydroxide soluliem with a nitrate, 
atid adding a little aluminium or a little zinc and iron Jilinys, ainnionia 
will be evolved on gentle heating, and may be easily recognised by 
the methods described in 8ec. 30, 4, 10, or 12. Nitrite ion, of course, 
gives the same reaction. 

17. AVith regard to the wdcrochcndcal detection of nitric acid 
salts, see Haiishofer, Mihroskopinche Reaktionen, p. 115 ; Belircns- 
Klev, Mikrochenrmite Analyse, 3rd ed., p. 170; Ellram, Chem. 
Zenlr., 1896, 11., 99 ; Brauns, Ibid., 1897, 1.. 434 ; Schroder van der 
Kolk, Ibid., 1897, 1., 1173; Emich v. Eonau, Ibid., 1907, II., 1444. 

8 kc. 131. 

(b) Chloric acid, HCIO^ (Chlorate ion, CIO'3). 

1. diloric acid is only known in aqueous solution ; its most 
concentrated solution is a thick colourless or pale yellow liquid 
with a faint odour similar to that of nitric acid, and a strongly 
acid taste. It reddens litmus and then bleaches it. In the dilute 
condition it has neither colour nor odour. Chloric acid has a strong 
oxidising action ; it is a very strong acid, and even in U‘5 iV-solutions 
is dissociated to the extent of 88 per cent. 

2. The chloric, acid .salts, chlorates, are all soluble in water. 

They are deconq)osed on ignition, either into gaseous oxygen, which 
e.seapes, and chloride, or there remains a residue of oxide, whilst 
oxygen and chlorine escape (chlorates of the earth metals). This 
decoirqiosition may be easily observed if the salts are heated in a 
small ignition tube (p. 55, and 8ec. 150, rubric. Jiumber 3), by 
means of which the e.scaping gas may be recognised as oxygen on 
the introduedh)!! of a ylowiny match. * 

3. Chlorates, when heated with charcoal or with an organic 
substance, /h.sc explosively, more violently than do the nitrates. 

4. If a chhjrate is mixed witli potassium cyanide and the mixture 
heated on phitinum foil, explosive fusion will take place, combined 
with a loud rc[»ort and incandescence, even in the case of very small 
quantities. The le.st .should only be made with minute (luantitks. 

5. On colouring the solution of a chlorate light blue with a small 
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quantity of a solution of indigo in sulphuric acid, adding a little 
dilute sulphuric acid, and then, drop by drop, and carefully, a small 
quantity of aqueous sulphur dioxide or sodium sulj)hite solulion, 
the colour of the indigo will immediately disappear. The cause of 
this reaction, as sensitive as it is characteristic, is that the sulphur 
dioxide reduces the chlorate ion to chlorine or to the lowei oxygen 
compounds of chlorine, which then decolorise the indigo. An excess 
of sulphite ion must, of course, be avoided, as otherwise sulphate 
ion and chlorine ion will be formed. 

6. Solutions containing chlorate ion are slowly decomposed by 
the action of hydrochloric acid, more rapidly at a higlier tempera- 
ture (70”), whilst water, chlorine, and chlorine dioxide, 0102 , are 
formed.^ The test-tube in which the experiment is made will 
become filled with greenish-yellow gas icith a very unpleasant odour 
similar to that of chlorine; the hydrochloric acid will he coloured 
greenish-yellow. If the hydrochloric acid was rendered blue by 
indigo solution, the indigo blue will be destroyed at once, even in 
the presence of a very small quantity of a chlorate. 

7. If a few drops of concentrated sulphuric acid arc placed 
on a clock glass and a little chlorate added, chloric acid is iirst 
liberated ; this, however, decomposes immediately into yerclilonc 
acid, chlorine dioxide, and water : 

3HCl()3=2C102-rnCl04+ir2() 

The chlorine dioxide colours the sulphuric acid bright yellow, and, 
apart from tliis. may be recognised by its characteristic and very 
unpleasant odour. Heat must he avoided in this experiment and small 
quantities used, as otherwise the decomposition takes place with 
such violence that an explosion occurs, since greenish-yellow chlonne 
dioxide explodes even at 60”. 

8. If a drop of a solution of aniline sulphate is added to the 
solution of a chlorate in concentrated sulphurh; acid (p’'e])arcd 
according to 7), the liquid will a.s.sume a deep blue coloration, which 
nviy be intensified by the addition of a few drops of water. This is a 
very sensitive reaction, and is not given by nitrate ion (Vitali). 

A solution of aniline hydrochloride in strong hydrochloric acid 
produces with chlorates in the solid ferm, or in solution, a violet 
coloration, which soon becomes blue. This is a very sensitive 
reaction (Virgili, Chem. Zentr., 1909, I., 1503). Picraerts (Chem. 

^ With regard to the cour.se of the reaction, rf. Sand. Zeitsch. physik. Chem., 
50, 40o ; and Luther and MacDougall, Ibxd., 55, 477 ; and 62, 0)9. 
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Zeifitf., 1913, L, 1063) recommends the use of an alcoholic solution 
of aniline. The colouring matter may ho extracted by shaking 
with ether or amyl alcohol. Pozzi Escot {Chem. Zeriir., 1913, II., 
173) recommends as being more sensitive the otherwise analogous 
colour reaction with benzidine and suljjhuric acid. 

9. (dTlorate ion behaves like nitrate ion towards solutions of 
hrucine, di^ihenylamim, 'paratoluidmc, and phenol in concentrated 
sulphuric acid, or at least in such a similar manner that it is not 
possible to distinguish with certainty between them by means of 
these reagents. On the other hand, chlorate ion may be distinguished 
from nitrate ion by the test given in 8, as also by means of ])henol 
in hydrochloric acid solution {cf. See. 130, 9), since chlorate ion 
])roduoes, according to the conditions, an orange-red turbidity or 
a transitoiy yellow coloration in such a solution. 

10. On hailing a dilute aqueous solution of an alkali chlorate 
with Gladstone and Tribe’s copper zinc elenu^nt,^ complete reduction 
to alkali chloride will take place, with the separation of zinc oxide 
(Thorpe and Ec(4es). Chlorate ion in a solution acidified with 
sulphuric acid is converted into chlorine ion by the nascent hydrogen 
which is liberated on the addition of zinc. Chlorates are also reduced 
to chlorides in dilute sulphuric acid solution by means of finely 
divided aluminium. (Distinction from perchlorates. Venditori, 
('hem. Zentr., 1908, I., T) Chlorates (but not as a rule perchlorates) 
are also reduced by other reducing agents, hydrogen sulphide, amnio^ 
nium sulphide, hydrazine sulphate, ferrous amnumiwm sulphate, 
sulphur dioxide, nitrous acid, iron with dilute sulphuric acid, formic 
acid (Vitali, Chem. Zenlr., 1910, 1., 1105). 

Sec. 132. 

Summmy ami Remarks on Anions, Croup 111. 

1. Of the reactions described for the deOiction of nitrate ion, 
those with ferrous sul])hate and sulphuric acid, those with copper 
filings and sulphuric acid, and also those which depend on the forma- 
tion of nitrite ion or ammonia, give the most trustworthy results, 
since ex})losion with charcoal, detonation with potassium cyanide, 
decoloration of the indigo solution, and the sensitive reactions with 
brucine, diphenylamine, and paratoluidine do not afford a definite 

^ 'J’he c()j)i)iT zinc clcincnt is })re])iiml by trt'ating thin zinc foil witli a 
1 per cent, ciiprio sulphate solution, whereby the zinc becomes black owing 
to the deposited copper. When washed and dried the eleimmt is ready for use. 
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distinction from chlorate ion. They are, therefore, only of value 
when there is no chlorate ion and no other disturbing substance 
present. The reaction with nitron (lb) is also not absolutely 
decisive. Free 7iitric acid may be recognised in a liquid by evaporat- 
ing it to dryness in a porcelain dish on the water-[)ath, after having 
thrown in a few shavings of quill. A yellow coloration of these 
shavings indicates the presence of nitric acid (Kunge). 

2. The presence or absence of chlorate ion is indicated with 
the greatest certainty, when other oxygen compounds of chlorine are 
not present, by igniting the substance with sodium carbonate, 
dissolving the mass in water, and then testing the solution with 
silver nitrate. If a chlorate was present it will have l)een converted 
on ignition into chloride, and a precipitate of silver chloride will 
then be obtained. This test, however, is so simple only when no 
chloride is simultaneously ])resent. In the presence of chloride, 
silver nitrate must be added so long as a precipitate forms, and 
only when this has been Hltered off should the liquid be evaporated, 
with the addition of fuire sodium carbonate, and the residue ignited. 
As a rule, however, it is not necessary to adopt this comjdicated 
course, as the reactions with concentrated sulphuric acid, with 
indigo and sulphurous acid, as also with aniline sulphate, indicate 
the presence of chlorate ion with the greatest certainty, even W'hen 
nitrates are present. ^ 

3. If nitrate ion is to be detected in the presence of a large quantity 
of chlorate ion, the substance should be treated with sodium carbonate 
in excess, evajjorated, and, if nece.ssary, the residue ignited gently 
but for a sufficient time, to convert the chlorate into chloride, and 
this residue then tested for nitrate or nitrite ion. 

4. If nitrate ion is to be detected in the presence of ^litrite ion, 
pure urea is introduced into the a(jueous solution, and the liquid 
added little by little to a solution of urea in dilute .suljjhuric acid. 
The nitrite ion will immediately be decomposed, with the e^7)lution 
of nitrogen and carbon dioxide. If, when the decomposition is 
complete {i.e. after about 24 hours), j)otassium iodide and thin 
starch paste are added, the liquid remains colourless. On now 
adding a little finely divided zinc, the resulting blue coloration 
(Sec. 130, 14) will indicate the presence of nitrate ion (Piccini). 

According to Fischer and Steinbach (Zeitsch. anoryan. Chein., 
78, 134; Che,m. Zentr., 1913, I., 61) nitrites may also be removed 

^ With regard to the detection of chlorate ion in the presonec of nitrate ion, 
f/. B6hal, Chem. Zentr., 188(5, 124. 
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by adding methyl alcohol, drop by drop, to the solution acidified 
with sulphuric acid and simultaneously introducing a strong current 
of air or carbon dioxide. The methyl ester of nitrous acid is almost 
immediately formed, and is carried off with the current of gas. 
Sommer and Pincus [Her., 48, 1963) recommend the addition of 
hydronitric acid or sodium azide and sulphuric acid ; the nitrous 
acid is then decomposed in accordance with the formula : 

Sen and Day {Zeitsch. anorf/an. C/imn., 71 , 236, and 74 , 51 ; 
(Jhem. Zvnlr., 1911, II., 789 ; 1912, I., 1250) recommend the addition 
of hydrazine su!|)hatc to the nitrite solution. The nitrous acid 
is thereby dec,om[)osed in accordance with the equations : 

NoIf4 f2IIN02-3H20-hNo-l NgO 

and N 2 H 4 +HNO 2 -NH 2 }-N 20 fIl 20 

The anions dealt with in the la.st sections may ))e amplified by 
a series of others not described in detail in this book, such as those 
of the ))romates, perbromates, periodates, the manganates, and 
permanganates ; further, the reactions of the hy])oiodite and hypo- 
bromite ions corresponding to the hypochlorites are not specially 
described. In these and similar cases the general behaviour will, 
on the one hand, indicate the oxidation stage to which the anion 
corresponds, and, on the other hand, the metalloid or metal con- 
tained in it may, after reduction, be easily recognised. In specific 
cases referen(‘,e must be made to the literature on the subject. The 
anions in (juestion are, however, on the one hand, of rarer occurrence 
and less important, or, on the other hand, like permanganate ion, 
have such characteristic projierties (violet colour) that they cannot 
easily be overlooked, e.specially as attention is drawn to them in 
the analytical course. With regard to a few suggestions for detecting 
several of the anions in question in the presence of one another, and 
of other anions, reference should be made to Longi, Zeitsch., anal. 
Chem., 23 , 70, 149, 352; Alvarez and Jean, Chem. Zentr., 1896, 
II., 514; A. Monnier, / 6 ?V^., 1917, I., 691. With regard to the 
detection of perchlorate ion in the presence of chlorine ion, chlorate 
ion, etc., cf. also Gooch and Kreider, Zeitsch. anal. Chem., 35 , 85 ; 
with regard to the detection of chlorate ion in the presence of 
hypochlorite ion, cf. Wischo, Chem. Zentr.. 1917, II., 133. 
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Sec. 133. 

Perchloric acid, HCi04 (Perchlorate ion, CIO'4). 

1. Perchloric acid is a colourless, corrosive liquid, which fumes strongly 
in tiie air, and, after being kept for some time, decomposes rapidly and 
with a violent explosion when dropped on to charcoal, wood, or paper. 
It forms needle-shaped crystals containing one molecule of water, 
IKJIO4 ! HjO. When strongly heated it dissolves in water, and behaves 
then like a strong acid. The dilute .solution on being distilled yields first 
water, then dilute, and finally concentrated acid. 

2. All the perchloric acid mlt.f, perchlorates, are solubh' in water ; 
the greater number dissolve easily, all arc decomjmsed on ignition, 
those of the alkali metals leaving a residue of chlorid('s, while oxygen is 
evolved. 

3. Potassium salts produce in not too dilute solutions a white, crystalline 
precipitate of potassium perchlorate, KCIO4, which dissolves with difiiculty 
in water and not at all in alcohol. 

4. Barium and silver salts are not precipitated. 

5. Concentrated sulphuric acid does not decompose perchloric acid in 
the cold, and only with difficulty when heated. (Distinction from chloric 
acid.) 

6. Hydrochloric acid, nitric acid, and svl 2 )hnr dioxide do not decompose 
an aqueous solution of perchloric acid or perchlorates, and indigo solution, 
previously added, is therefore not decolorised. (Distinction from all other 
acids of chlorine.) 

7. Alkali perchlorates arc not reduced by a copper -zinc element 
(vSec. 131, 10). (Distinction from chlorates.) Speaking generally, the 
perchlorates show great resistance to reducing agents, and only th(^ com- 
pound.s of trivaknt titanium, hydrosulphurenis acid (HsM^OJ, and the lower 
oxidation stages of vanadium and molybdenum (also tungsten) reduce jx'r- 
chlorates to chlorides (Rothmund, Zeitsch. anorgan. Chem,, 62, 108; 
Chem,Zentr.,m%l.,m\). 

8. On fusing perchlorates with chlorides, e.g. zinc chloride, chlorine is 
liberated. If the reaction lakes place in a current of carbon dioxide and the 
gas is conducted through jmtassium iodide solution, iodine is liberated. If 
nitrates are present, they may be removed by heating tlicm with very 
strong hydrochloric acid, evaporating tlnmi to dryness with manganous 
chloride and concentrated hydrochloric acid, and again heating them with 
hydrochloric acid. After the manganese has been precipitated with 
sodium carbonate, the mixture is evaporated to dryness, and the residue 
fused with melted zinc chloride (Gooch and Kreider, Zeitsch. anorgan. 
Chem., 7, 13 ; Chem. Zentr., 1894, II., 343 and 494). 

9. With regard to the microchemical detection of perchlorate, especially 
in Chili nitre, cf 8jolIema, Zeitsch. anal. Chem., 37, 44 ; H. Fresenius and 
Bayerlein, Ibid.,dl, 501; Breukelcveen, Chem. Zentr., 1898, 1., 9G0 ; 
Behrens-Kley, Mikrochemische /halyse, 3rd ed., p. 173. 
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B. ORGANIC ACJD8. 

First Group. 

The iKjnniil calciuiri salts of tlie lirst arc practically insol- 

uble, or dissolve with difKeulty, in water or in alcoliol of at least 
70 per e.ent. : Oxalic acid, tartaric acid [raconic acid), citric acid, 
malic acid, succinic acid, cinnamic acid. 

PiHST Division. 

The acids of the lirst division d(‘corii[)ose wholly or partially 
when heated.^ They are oxidisi'd when boiled with nitric; acid . 2 
Tlcey dissolve with didlcnlty in ether (oxalic acid not to the same 
extent as the others). The solutions of their normal alkali salts 
are not precipitated by ferric chloride solution juepared in the cold 
(S('c. 13iS, 3), but when mixed in delinite pro])ortions give at most 
an opah;sc(‘iit turbidity ; Oxalic acid, tartaric add {racemic acid), 
citric acid, ■malic add. 

('0011 

(a) Oxalic acid | (Oxalate ion, (^>" 4 ). 

COO 11 

Its reactions have been described in Sec. IK). 


Sec. 134. 

Cn(011).C0011 

(b) Tartaric acid | (Tartrate ion, C 4 H,(T'c)- 

CH(01l).C001l 

1. Tartaric add is known in several stmi'oisonieric forms, that 
is to say, forms of the sanu* constituthm but having a diifercnt 
H[)atial airangement of the atoms within the molecule. Om; is 
termed (/-tartaric acid or dextro-rotatory tartaric acid, and the 
other /-tartaric; acid or hVvo-rotatory tartaric acid. Both are the 
so-called mirror i.somers ; they are distinguished from one another, 
as are their salts, only by the form of their crystals (state of 
o])posed semilicdra) ^ and by the direction of their optical 

^ Oxalic acid, caiofuliy hiaitcd, .sublimes partly undocoinposed. 

The decomposition of oxalic acid by boifmg nitric acid into carbon dioxide 
and water only takes place slowly. 

’ ISoiiiiliedral crystals show a less symmetrical arrangement of the atoms, 
so that in certain forms of crystals only half of the surfaces occur which are 
essential to the comiileto symmetry of the crystalline system in question. 
Opposed somihedral forms behave towards each other like an object and its 
mirrored refh'ction, but cannot be made to coincide by turning them round 
(Enantiomorphism). 


32 
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activity ; ^ the former in aqueous solution diverts the ])lane of tlio 
polarised beam of light to the right, the latter to the left. The specific 
power of rotation 2 is very considerably increased by the simultaneous 
presence of molybdate, tungstate, uranyl, and beryllium ions in the 
solution. The twoisomeric tartaric acids do not differ in their chemical 
reactions. When equimolecular jiroportions of the two acids come 
into contact with one another, a third acid is formed, i.c. the (d-j-/)- 
tartaric acid, also termed racemic acid (8ec. Ido). It is optically 
inactive. A fourth variety, also optically inactive, is the /-tartaric 
acid, also termed mesotartaric acid or anliiarlaric acid. The inactivity 
of this is due to an intromolecular equilibrium. 

2. Ordinary tartaric acid is the dexlro-rolalor/j tartaric acid ; 
it forms colourless crystals, stable in the air, with a pleasant acid 
taste, and soluble in water and alcohol. It is a inoderalely strong 
acid with the dissociation constant (for the first stag(') O.DT.IO"^ 
at 25“^. Its aqueous solutions contain, evim when very dilute, 
uiidissociated molecules in ])reponderance an<l comparatively smaller 
quantities of hydrogen tartrate ions ; on the other hand, the solu- 
tions of its salts undergo extensive dissociation and contain tartrate 
ion, C 4 H 40 " 6 , when it is a case of the neiitnil salts, and Jnjdnxjen 
tartrale ion, HC^IIAV, when hydrogen tartrates are in qne.stipn. 
Tartrate ion combines readily with metal ions, e.g. ferrous and 
ferric ions, also the ions of aluminium, chromium, manganese, 
cobalt, nickel, lead, copper, and antimonyl ion, further with borate- 
molybdate ion and others, to form complex ions. 

Tartaric acid is only slightly soluble in ether (Kjf) : U'l, according 
to E. Bourgoin). It does not lose W'ater when heated at KJO'"'' ; it 
melts at 167° to 170°, and at a higher temperature is cai’bonised and 
emits a quite characteristic odour similar to that of burnt sugar. 

3. Of the tartaric acid salts (tartrates) those of the alkali metals, 
as also a few others (e.g. aluminium tartrate and ferric tartrate), 
are soluble in water. When evaporated on the water bath to the 
thickness of syrup, a basic salt separates from the solution of ferric 

* * .by optical activity is un<lcrstootl the property of a .substance to divert, 
a beam of polarised light, transmitted directly through it f)r its .solution, through 
a definite angle. “ Direct ” polari.sed light is that in which the electro-magnetic 
waves vibrato continuously only in one plane, whilst in the ea.se of ordinary 
light the waves follow one another at quite a short interval in all possible 
planes in the jiath of the beam of light, so that the irnjireHsion is eonveyed to 
our eyes that all the vibrations take place simultaneously in all the planes. 

* This is the angle through which the lieam of polarised light is rotated 
when it is transmitted through a layer of a solution 1 dem. in length, which 
contains dissolved in one c.e. 1 grm. of the optically active substance. 
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tartrate in the form of a powder. All tlie salts vvhicli are insoluble 
in water are dissolved by hydro(‘lilori(! or nitrie acid. Many of the 
tartrates which ahjiie arc insoluble in water or only dissolve with 
difliculty form, with alkali tartrates, double salts, soluble in water. 
When ignited, the tartrates arc decompo.sed, with the separation of 
carbon, and ejiiit the same odour as the free acid. 

4. On adding to a solution of tartaric acid or to that of an alkali 
tartrate a solution of not too great a quantity of a ferric or aluminnim 
sail and then (immmn'a or potassiuui hydroxide^ no preeijutation of 
ferric hydroxide or aluminium hydroxide will take place, as tartrate 
ion combines with ferric ion or aluminium ion to form conplvx ions, 
which can neitlu'r be decomj)osed nor j)reci])itated by hydroxyl 
ion. The precipitation of several other hydroxides by means of 
alkali hydroxide is al.so })rcvcnted by tartaric acid (also b}^ citric 
a(;id, malic acid, etc.). 

5. Free tartaric acid yields with the solution of a potassium 
salt, ])ref('rably potassium acetate,* a J)r(‘cipitat(> of potassium 
hjldrmjvn tartrate (argol), (H)()JJCll(()i{).('H(()]l).(H)OK. This 
process takes place on adding potassium acetate and acetic acid to a 
neutral tartrate dissolved in water until the reaction is decidedly 
acid. 1‘otassium hydrogen tartrate dis.solves readily in alkali 
hydroxide solutions and mim'ral acids ; tartaric acid and acetic acid 
do not in<’,rease its solubility in water. Alkaline .solutions must, 
therefore, be acidified with acetic acid, and mineral acid solutions 
either treated with a suficient quantity of ammonium acetate solu- 
tion (reduction of the concentration of hydrogen ions, see ]>. 23) 
or neutralised with alkali and then acidified with acetic acid. The 
separation of the tartrate jirecifiitate is considerably jiromoted by 
shaking, or rubbing the sides of the ves.sel. Jf the reaction is to be 
sensitive, the tartaric acid solution should be strongly concentrated. 
The addition of an equal volume of alcohol increases the sensitive- 
ness. In the ju'c.sence of boric, acid, the n'at'tion only appears if 
pota.ssium fluoride is used instead of pota.ssiuni acetate. The 
HuoriiK^ ion then combines with the boric acid to form a conqilex 
ion, and .so prevents the formation of a comjilex borotartrate ion, 
which gives no precipitate with ])otassium ion (Barfoed). 

6. Calcium chloride solution added in excess- precipitates 

^ If concentrated .noliif ioii.M f>f ])ota.s.siuin acetato aro used, tIuTc may bo no 
precipitate (Magiiier do la Source, Zeitsch. ami. Clicm., 35, oSU). 

^ Potassium or sodium tartraUi solution dissolves calcium tartiate (also 
other salt.s whi(’h ai e in.soluble in water, e.ej. calcium phosphate, hariuiti sulpiiato, 
etc.); the reactions, which depend on the separation of calcium tartrate, 
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calcium tartrate from a solution of neutral tartrates, in the form of a 
white precipitate. 

C'H(OIl)COOv 

)Ca+411.;0 

C1I(011)C00^ 

In the presence of amnmnnnn salts, this precipitate is onlij formed 
after some time [often a loraj time) ; its scj)aration is j)romote(l by 
sliakitio or by rii])l)in<j; the sides of the vessel. The preci])itate is 
always enjstaUine, or at least becomes so after some time ; it dissolves 
to a clear litpiid in not too dilute cold potassium or sodium Injdroxidc 
solution, which should be fairly free from carbonate ion, and should, 
therefore, be freshly ])repared for the purpose. If this liijuid is 
boiled, the dissolved calcium tartrate separates in the form of a gelatinous 
precipitate.^ Tlie solution becomes clear again wlien cold. 

7. Calcium chloride solution in large excess - also produces in a 
solution of tartaric acid or of tartrates, acidified with acetic acid, 
especially after short standing, a copious crystalline ju’c'cijjitate 
(W. Freseniiis).^ Further, calcium acetate solution in suHicient 
excess ^ gives both with a 1 per cent, solution of tartaric; acid and 
wuth dilute acetic acid solutions of tartrates, within a few minutes, 
a crystalline precipitate of calcium tartrate. If the tartaric acid 
solution is only of ()T jier cent, strength, the precipitation will only 
take place after two or three hours if the sides of the vessel are not 
rubbed ; in still more dilute solutions it does m>t take place at all. 
If a few drops (not more) of a very dilute solution of l-tartaric acid 
or of ammonium l-tartrate ^ are added to a solution of d-tartaric 
acid which has remained clear after being treated with calcium 
acetate, the licpiid is rendered turbid bg a silkg precipitate after a 
few seconds if not at once, and, in the case of very dilute solutions, 
after long standing. This jcrecipitute consists of the almost insoluble 
calcium salt of the (d-\-l)-tartaric acid or racemic acid ((;alcium ra<;e- 
mate, C 4 fr 4 l(j(Ja-f 4i[20). A large excess of the precij)itant should 
be avoided, as otherwise calcium /-tartrate is precipitated, the 

may, therefore, only cjeeur after the addition of a sufficient ciuantity of ealciiiiu 
ion to precipitate completely all the tartiate ion present. 

^ According to our experience, the re-j)recipitation fd the j)reei])itate (with 
the yellow coloration of the solution) sometimes does not occur for reasons 
not yet discovered. 

2 Cf. footnote 2, on p. 499. 

® Zeitsch. anal. Chem., 38, 33. 

* See footnote 2, on p. 499. 

^ For the preparation of i-tartaric acid, see Markwald, Bcr., 29 , 42 ; and 
for that of its ammonium salts, Bronsted, Zcitach. ami. Chem., 42 , 18. 
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prismatic crystals of which may in any case he easily distinguished 
under the microscope from the globular aggregates or sheaves of 
needles of racemate (sec the illustrations in Ilaushofer, MikroskopiscJie 
Rddktionen, pp. 86 and 84). The presence of aluminium ion or ferric 
ioij, as also of antimony ion, in considerable quantities prevents 
the reaction (com])lex ions). /-Tartaric a(tid may be detected by 
means of (/-tartaric a(‘.id by the application of the same |)rincij)le. 
Further, this method aft'ords a means of distinguishing between the 
two optically active modifications of tartaric acid (J. N. llrdnsted,! 
A. Kling“). 

8. Lime water added in excess ^ produces in solutions of neutral 
tartrates, or also in a solution of free tartaric acid, if added until 
1 ho reaction is alkaline, white precipitates which are at first floeculent 
but later be(!ome crystalline, and which while still ilocculent are 
readily dissolv(‘d by a solution of tartaric acid or of ammonium 
chloride. Calcium tartnite is dej)osited again on the sides of the 
vessel from these solut.ions, after several hours, in tbe form of small 
crystals. 

9. (yalcitnn siulphale sojidioii added in excess does not ])roduee 
a precipitate in a. solution of tartaric, acid, and only a slight one 
after some, time in a solution of a muit ral alkali tartrate. 

10. When even a very small quantity of calcium tartrate is 
treated in a test-tube with ammonia solution, a small fragment of 
crystallised silver nitrate achh'd, and the whole slowly lieat('d, the 
sides of the tube will become covennl with a brilliant Jihn of 
mekiUic silver ; if heated quickly, or if dis.solved silver nitrate is 
used, the reduced silver will sejiarate in tin; form of powder (Arthur 
Casselniann). 

11. Hilver nitrate solution does not give a precipitate with solu- 
tions of free tartaric acid, but gives a white pr<*cipitate with neutral 
tartrate solutions. The precijiitate produced by the falling drops 
at first disap[»ears, but .se])arates again on vigorous shaking, and 
on the addition of more silver nitrate. The precipitate, C 4 H 4 ()oAg 2 , 
dissolves readily in nitric acid and in ammonia solution ;* When 
boiled it at once becomes black, owing to the reduced silver. On re- 
dissolving the white precipitate (obtained by adding an exce.ss of 
silver nitrate solution to a neutral tartrate solution) by means of 
ammonia solution in not too great excess, adding a little sodium 
hydroxide solution, placing the test-tube in a beaker containing 

1 Zrlhcli. anal Chan., 42. ir». * Ibid., 50, 122. 

3 footnolr 2. on ]>. 40!). 
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water at about 70° and heating the latter to boiling point, a mirror- 
like deposit of silver will be formed. The success of the reaction is 
promoted if tlie test-tube is previousl) well cleaned, and in particular 
freed from fat by rinsing it with ether. 

12. />Yu/ acetnle solution gives a white precipitate with a solution of 
tartaric acid and its salts. The washed precipitate, (CHOH.COOjoPb, 
dissolves readily in jiitric acid and in ammonia solution free from 
carbonate. 

Id. On adding to a solution of free tartaric acid or to that of 
an alkali tartrate a small quantity of ferrous chloride or ferrous 
sulphate solution, then one (,r two drops of hydrogen peroxide solution 
or a few grains of sodium peroxide, and linally an excess of potassium 
or sodium hydroxide solution, a fine violet coloration wdll apj)ear. 
The reaction is not very sensitive, but affords a means of distin- 
guishing tartaric acid from citric acid, malic acid, and succinic acid 
(Fenton). 

14. If tartaric acid or a tartrate is heated on the water bath in 
a test-tube (previously cleaned with concentrated sul[)hiiric acid) 
with about 10 parts by volume of concentrated sulphuric acid, a 
brown coloration of the sulphuric acid will appear simultaneously 
with the evolution of gas. (Disiinction from citric acid.) 

15. If a saturated .s(»lntion of potassium diehromatc is jioured 
over a tartaric acid crystal at the ordinary tem])erature, the zone 
surrounding the tartaric acid vvill become purple-violet to black, 
with the liberation of carbon dioxide. (Method of detecting tartaric 
acid in citric acid, since the latter turns colfce-i^oloured. although 
slowly. Caillett.) The reaction may also be carried out with an 
aqueous solution of tartaric acid. This is treated with dilute sul- 
])huric acid, one or two drops of a solution of jiotassium chromate or 
dicliromate added, and the whole heated for a short time, whereby 
the yellow colour is changed into the bluish-violet one of a chromic 
salt solution (Salzer). 

16. On treating a solution of ammonium molyldate (previously 
treated with ammonia until the reaction is slightly acid) with a 
little tartaric acid, adding one or two drops of hydroyen peroxide 
or a trace (not more) of sodium peroxide, and gently heating this 
mixture on the water bath for some time at 60'’, the colour, yellow 
at first (p. 388, 10), will change t(j green and then blue (Crismer). 

17. If a few drops of a solution of resorcinol in concentrated 
sulphuric acid (about 1 : KX)) are added to a little solid tartaric acid 

'or a tartrate, and carefully heated until sulphuric acid vajicurs just 
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begin to escape (at al)out J30° to 140°), the liquid will have a fine 
wine-red colour (resorcinol tartreinc). The smallest quantity of 
tartaric acid may be detected by this reaction (E. Mohler).! The 
presence of nitrates, nitrites, chlorates, and other oxidising agents 
disturbs the reaction {ii. Deniges).- It is, therefore, not so suitable 
as a dir('ct test for the presence of tartaric acid or tartrates in 
mixtures, as for defermining whether precipitates, obtained e.g. 
a(‘cording to Nos. 5 to 8, are actually derived from tartaric acid 
(c/. Iiowever, also Sec.. 1 10, 12). 

18. With regard to the microcheniical detection of tartaric acid, 
see Ilausdiofer, p. 85 ; and Rehrens, \’ol. 1, p. 49. 

Sec. 135. 

(^H(0n),C()0H 

(C) Racemic acid | (Racemate ion, ( 4 H 40 "o). 

(.'H(0H).('00T1 

('ryfifaUm d racemic acid lias the formula : (rH)2(0H)2.(f'f^f^H)2‘i~2H20 
{cf. S('c. 134, 1). Its water of (uystallisation escapes slowly on exposure 
to the air, rapidly at KMP. (Distinetion from tartaric acid.) Racemic acid 
behav('s lik(‘ tartaric; acid towards solvents. The racemic acid salis (race- 
mates) also show' a similar behaviour to those of tartaric acid. Several, 
however, differ from tlu‘ corresponding tartrates as regards their content of 
water, their form and .solubility. Aqueous solutions of ra<‘emic acid and its 
salts have no lotatory action on a beam of polarised light. (Distinction 
from tartaric acid.) i'alciam chloride precipitates from the solutions of the 
free acid, as ftom its .salts, calcium racemate, [(fH(0H).C00]2Ca-l-4H20, 
as a white ery.stallino ])ow'di*r (See. 134, 7). This is precipitated from its 
solution 111 hydrochloric; acid at once, or at least very .soon, by means of 
ammonia solution. (Distinctionfromtartarie acid.) It dissolves in potassium 
or sodium hydroxide solution, and is re-precij)itated on boiling. (Distinc- 
tion from oxalic acid.) Lime water in cxce.ss produee.s at once a whito 
|)recipilat(‘, which does not dissolve in ammonium chloride solution or 
in aec'tic- acid. (Distinction from tartaric acid.) (\ikium mdphatc sohitim 
does not product' a precipitate at once in a solution of racemic acid (dis- 
tinetion from oxalic acid), but after 10 to 15 minutes calcium racemate 
separates (distinction from tartaric acid) ; the precipitate is formed 
immediately in solutions of neutral racemates. Racemic acid behaves 
towards potawiiim ion like tartaric acid. If sodium ammonium racemate 
or sodium potassium racemate is allowed to erystallise, two kinds of 
rhombic hemihcdric crystals arc obtained ; those which inter alia show 
the surfaces of right sphenoids, and thoso^ which show the surfaces of 
left sphenoids, whi(;h stand in relation to one another as an object and its 

“ Chem. Xenlr., 1895, 11., 250. 


‘ Zeitsfii, anal. Chem., 30, 020. 
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reflection (onantiomorphiain). The one kind is the salt of ordinary tartaric 
acid, the other that of the if- tartaric acid (See. 134, 1). If the two kinds 
of crystals arc rc-dissolvcd together, the solution will again show the 
reactions of rac'einate ion. When a solution of taria. ic acid is innoculated 
with the spores of the mould fungus 'pcncillwm qlaucvw, the d-tartaric 
acid is decomposed biologically, and there finally remains only the f.-tartai ic 
acid. With regard to the microehemieal detection of racionate ion, sec 
Haushofer, p. 82. 

Sec. 13G. 

CIIo.COOH 

(d) Citric acid C(()n).('()OJI (Citrate ion, C 6 lT 50 '" 7 ) 
CHo.COOH 

1. Crystallised citric acid, as obtained on cooling its solution, 
contains water of crystallisation, and lias the formula : 

It crystallises in colourless and odourless transparent crystals with 
a pleasant and very sour taste, dissolves easily in water and alcohol, 
hut with more difliculty in ether (2‘2G : 1(K)), eflloresces slowly in the 
air, and loses (if powdered) its water of crystallisation when slowly 
heated at 55'^ (Salzer) ; it melts when more strongly heated, and 
then carbonises while giving olT ])ungent acid vapours, the odour 
of which it is easy to distinguish from carbonised tartarii', acid. 
An arpieous solution of citric acid is o])tica]Iy inactive. Citric acid 
is a moderately strong acid (dissociation constants 0. 82.10”^ at 25'') ; 
it is therefore somewhat weaker than tartaric acid, and is to a great 
extent contained in aqueous solution in the form of undissociated 
molecules. 

2, The citrates of the alkalis, both the normal and the hydrogen 
citrates, are readily soluble in water ; no jirecijiitate, therefore, 
is formed in citric acid solution by means of potassium acetate. The 
salts of citric acid with weak basic metal ions, e.g. with ferric ion, 
also dissolve readily in water. When evaporated on the water bath 
to^thp thickness of syrup, a solution of ferric citrate does not yield a 
deposit of solid salt. Citrate ion (in the same way and for the same 
reason as tartrate ion) prevents the precipitation of ferric hydroxide, 
aluminium hydroxide, etc., by means of alkali hydroxide. It also 
forms complex ions with other cations, e.r/. chromium, manganese, 
and co})per ions, and with anions, e.^. molybdate ion and tungstate 
ion. The citrates are dis|bciated to a normal extent in aqueous 
solution, but no considerable hydrolysis takes j)lace at this stage. 
As a tribasic acid, citric acid forms three series of salts ; in addition, 
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two forms of different isomeric structure are also possible in the 
case of the jnono- and the dihydrogen salts. There is accordingly 
a corresponding number of different anions of citric acid. 

3. Calcium chloride nolulion does not yield a precipitate in a 
solution of citric acid, either at the ordinary temperature or when 
boiled. If, however, a somewhat concentrated solution of citric 
acid is neutralised after the addition of an ecpiivalent or only slightly 
j)redominating quantity of calcium chloride 1 with SOdium or potas- 
sium hydroxide, there will at once result a precipitate of neutral 
calcium, citraic, (( '( 5 lf 507 ) 2 Ca 3 -b 4 H 20 , which dissolves readily in 
the ])resen(*.e of excess of citrate ion, but with more difficulty if an 
excess of (‘alcium ion is present. It is not dissolved by potassium 
or sodium hydroxide solution, hut is readily soluble in ainmonium 
chloride' solution. If the solution obtained by adding not loo much 
ammonium chloride is boiled, calcium citrate of the same com])osition 
sef)a.rat(‘s ifi the form of a white crystalline precipitate, which is no 
loiige'r soluble in ammonium chloride solution. If a citric acid 
solution, mixed with calcium chloride, is neutralised, as mentioned 
above, with ammonia, or if ammonium chloride, calcium, chloride, and 
ammonia are added to a solution of an alhali citrate, a pre'edpitate wdll 
be foruK'd after seve'ral hours standing in the cold, or on the addition 
of alcohol. 1 f, however, the clear li(iuid is boiled, and the eva])orating 
ammonia replaced, calcium citrate with the above-mentioned 
ju'operties will suddenly separate. On heating calcium citrate wdth 
ammonia and silver nitrate, no silver will separate, or only a slight 
quantity. 

I. Lime water added in e.xcess i produces no precipitate in a 
solution of citric acid or of a citrate in the cold. The reaction should 
be carried out in a closed flask. If the solution, however, is boiled 
with a fair excess of lime water (]>repared with hot water) a mhite 
precipitate of calcium citrate is formed, which, when cooled and 
occasionally shaken in a closed flask, will partly, and after some 
time, completely disa])pear. , 

5. Barium acetate solution gives, when added in excess to a 
solution of an alkali citrate, whether hot or cold, an amorphous 
precipitate with the formula : (C6H5()7)2Ba3-|-7H20. The same 
]U’ec,ipitate is produced when a citric acid solution is treated with 

^ Tlio luldition of oitrato ion.s in o-veesa offocts tho solution of calcium 
citrato and f)f niany oilier compounds insoluble in water (calcium phosphate, 
calcium o.valati', etc.) ; tho reactions given in 3 and 4, which are based on the 
se]iaralion of calcium citrate, only succeed, therefore, when {mfficient calcium 
ion is added as is necessary for tho precipitation of all the citrato ioit present. 
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an excess of baryta water. The [)recij)ifcat-(^ is not produced in 
dilute solutions in the cold, because it is not insoluble in water ; if 
heated, however, an amorphous proci()itate separates, which soon 
changes into a salt with the formula: (( 6n50-j2Rjbrf 
sisting of mi(a*oscopic needle-shaped crystals. If this salt, or the 
amorphous piecipitate, is heated for about two hours on the water 
bath with excess of a solution of barium acetat(', another v(‘rv 
characteristic salt isformed. This consistsof small, well-formed, mono- 
symmetrical splinters, and has the formula : (tcll ,',()7)2Ba3 | ‘VblLO. 
In the case of very dilute solutions the salt is only formed after 
concentration. The microscopical appearance of these crystals is a 
certain proof of their identity (If. Kiimmerer i). 

6. On adding lead acetate solution in excess to a. solution of citric 
acid, a white amorphous precipitate of lead citrate is ])roduced, 
which dissolves readily after washing in ammonia sohition free from 
carbonate. After being digested for some hours with water or acetic 
acid on the wate^ bath, the precipitate becomes crvstalline. and t hen 
has the formula: (CoJl^OjloPb;! } dJbjO. It does not ]>roduce 
well-formed, microscopic crvstals. If a solution of citric acid or a 
citrate is treated with about of its volume of glacial acetii! 
acid, and a similar (piantity of saturated lead ai'ctate solution, a 
white milky turbidity will be produced by the lead acetate, which 
dis.solves on boiling and reappears on (-ooling {.Miisiinger -). 

7. Silver nilrate precipitates silver citratn, ('(jH.yOyAg^, as a 
white hocculent precipitate from solutions of neutral alkali citrates. 
On boiling a sufficient quantity of this with only a little water, a 
gradual decomposition will take place, with the separation of silver. 

8. On heating citric acid or a citrate with concentrated sulphuric 
ac'ul on the water bath in a test-tube cleaned with concentrated 
sulphuric acid, carbon nwnoxide will escajie first, then carbon dioxide 
and acetone. The sulphuric acid only turns lenion-ijelloiv, even after 
being heated for half an hour (E, fSchmidt, Pusch) ; the solution 
only becomes dark after long boiling, when sul])hilr dioxide escajtes. 

9. If 5 c,c. of a 1 or 2 per cent, solution of citric acid or of a 
citrate are heated to boiling point with 1 c.c.. of mercuric sulphate 
solution (prepared from 5 grms. of mercuric oxide, 20 c.c. of concen- 
trated sulphuric acid, and KX) c.c. of water) and, after the removal 
of the flame, treated drop by drop with 2 ])er cent, potassium per- 
manganate solution, decolorisation takes place and a white preci{)itate 

^ ZcitMch. (iTud. 8, 2U8 (witli of the crystals). 

“ Zeilsi'h. (mil. (Jhem., 38, 7IU. 
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is formed. The reaction dc'pends on the fact that the citric acid 
is oxidised to (uHomulicurboxi/liG acid, (Tl2(0()Oli).CO.CJl2(C'OOH), 
which at the ]noinerit of its ])roduction is precijdtated as a very 
sparingly soluble mercuric, double salt (c,omj)h‘x compound of a 
basic mercuri(i salt with mercuric acetone dicarboxylate) 
(Cr. Deniges i). 

10. If the oxidation is carried out with potassium permanganate 

in the absence of mercuric, sulphate, acctotie dicarboxi/ltc acid is also 
obtained, which then remains in solution, but which may be detected 
by conversion into pentabromacetone. ('Bijj.f'O.C’iJBr.^, and then 
into bromoform, CHBrj, On dis, solving, c <f. about 0 01 grm. of 
citric acid in 1 c.c. of water, adding a few drops of 0*3 per cent, 
jjotassium permanganate solution, heating (but not })oiling) the 
mixture until the red coloration has disappeared, and then treating 
it with 3 to 5 drops of saturated bromine water, a turbidity or white 
precipitate will be formed either at onc(‘ or on cooling. On the 
addition of sodium hydroxide solution, the well-known odour of 
brojMoform will be noticed (b. Stahre.- A. Wohlk'^). K. Kunz'^ 
recommends the following method of ap])lying the test : 10 c.c. 
of the solution under examination are treated with 1 c c. of dilute 
sulphuric acid (1:1) and with 0*3 c,.c. of potassium bromide solution 
(22*5 grins, in l(K)c. <*,.). After the liquid has been shaken, 1 (\o. of 
5 per cent, potassium permanganaO* solution is jutroducial, the 
whole well shaken, and the test-tube jilaced in a water bath heated 
to 40'^ to 4,5' . The manganese dioxide hydrate which lirst sejiarates 
gradually dissolves again. After about 5 minutes the last jiarticles 
of it are removed, as also the elementary bromine, liberated from the 
pota.ssium bromide, by means of the addition drop by drop of a 
saturated ferrous sulphate solution acidified with a little sulphuric 
acid, and, after placing the tube in cold water, the white turbidity of 
])entabromacetone will be observed. If allowed to stand over-night 
it subsides as a crystalline deposit. (Distinction from tartaric 
acid, malic acid, succinic acid, lactic acid.) 

11. When (dtric acid or a citrate is heated with cnvc^'vtrated 
sulphuric acid by placing the test-tube containing the mixture in a 
boiling water bath, acHow dicarboxylic acid is also formed, which 
may be detected by means of the following so-called Legal's test. 
On carefully diluting the mixture when cold with water, rendering 
it alkaline with sodium hydroxide solution and treating it when 

1 anal. 38, 71!). 36, 195. 

Ibid., 41, 77. ♦ Ibid., 54, 120. 
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cool with a few drops of freshly-prepared sodium uitroprusside solu- 
tion, a ruhtj-red coloration will a})pcar, wliich changes to pinkish- 
violet wlien treated with glacial acetic acid in excess (B. Merki). 

12. On introducing citric acid (at least O'Ol grm.) with an excess 
of ammonia solution (3 c.c.) into a strong glass tube fused together 
at the bottom, and then fusing the tube in such a way tliat only a 
small space remains free above the liquid, heating it for six hours 
at 110'' to 120°, and then pouring the liquid, when cold, into a shallow 
porcelain dish, an intense blue or (freen product will be obtained when 
it has stood for some hours in the liglit and air. (Distinction of 
citric acid from oxalic, tartaric, and malic acids, and method for 
detecting small quantities of it in tlic presence of these acids. 
Sarandinaki, Sabanin, and Laskowsky.2) These colorations, which 
are characteristic of citric acid, arc also obtained when the acid is 
heated with a little undiluted glycerin (07 j)urt) at a very low 
tenqieraturc until the mass begins to bubble, the residue dissolved 
in ammonia sobition, the greater 2 H)rtion of the li([uid evaporated, 
and then a little water and two drops of red fuming nitric acid 
diluted with 5 times its quantity of water added. The colour, 
green at first, changes into blue by the action of heat on the water 
bath (.^^ann). The reaction also occurs when, instc'ad of nitric acid, 
a small (piantity of hydrogen ])er<»xide solution is added. 

13. With regard to the microchenneal detection of citric acid, 
see also Ilaushofer, p. 73; and Behrens, Vol. 4, j). bl. 

Skc. 137. 

CH(OII).CO()ir 

(e) Malic acid, | (Malate ion, C 4 ll 40 " 5 ). 

CHo.COOH 

]. M(dic acid is known in three stcreoisomoric forms: d-malic 
acid or dextro-rotatory malic acid, I- or hevo-rotatory malic, acid, 
and “racemic,” inactive (d-f/)-malic acid. They arc only dis- 
tinguislied from one another by their oi.)ti(;al activity. The ordinary 
malic acid, ])repared from fruit juice, is /-malic acid ; as in the case 
of its salts, its behaviour in aqueous solution towards a polarised 
beam of light is sometimes Imvo-rotatory, sometimes dextro- 
rotatory, and somtirnes inactive, according to its tcm])erature and 
concentration ; in the 2 )resence of uranyl salts the Imvo-rotation in 
alkaline solution increases to a degree of 450 times the original 


* 7jrii/ich, nrud. (Unm., 44, 124. 


Ibid., 17, 72. 
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value (P. Walden 1). Jieryllium salts behave in a similar manner. 
The (fll-f-Zl-malic acid is obtained by synthetic })rcparation. Malic 
acid is a moderately strong acid ; it is weaker than citric acid, and 
is therefore present in its aqueous solutions to a great extent as 
undissociated molecules. (Dissociation constant 3.9.10~2 at 25“.) 
Malic acid is about twenty times as strong as acetic acid. 

2. Ordinary malic acid crystallises with dilHcuIty in crystalline 

layers or sheaves of associated needles, which deliquesce in the air, 
are dissolved readily by water and alcohol and slightly by ether, 
and melt at about 100'^. When heated at 100“^ in the air, or in a 
vacuum at a higher temperature, anhydrous acids are produced 
in jireponderancc. If heated for some time at 140° to 150° malic 
acid is converted mainly into fianaric acid, 'vhile 

water escajies. Heated at temperatures between 150° and 2(X)° in a 
glass tube or small retort, malic acid gives a residue of fumaric acid, 
while water and maleic anhydride, (-2H2(C0)20, distil. The latter 
combines in jiart with water to form maleic acid, 

wliicli is stcreoisonieric with fumaric acid. Wlien heated at over 
2(K)'^ the fumaric acid volatilises partly undecomposed. The 
resulting crystalline sublimates, which form in the glass tube above 
th(' healed part or in the neck of the retort, are very cJiaraclcriMic 
of malic acid. When heated with nitric acid, malic acid readily 
yields oxalic ac.id, with the evolution of carbon dioxide. 

3. Malic acid forms, with most cations, salts which are soluble 
in water, and which are dissociated in aijueous solution to a normal 
degree ; a ('onsiderable hydrolysis does not take place at this stage. 
As a dibasic acid, malic acid forms two classes of salts, normal 
nialates and hydrogen malates, the solutions of which contain 
accordingl}' malalc P4lJ4(y'5, or hydroycn malatc ion, C4ll5(y5. 
J'otassiuin hydrogen malatc ion di.s.solves fairly readily in water; 
malic, acid is, therefore, not jirecipitated from its solution by potas- 
sium acetate s(jlution. Malic acid, like tartaric acid, ])revents 
the ]»rec.ipitation of ferric hydroxide, etc., by means of alkalis. 
Further, malic acid frequently shows a tendency to form complc): io^is. 

4. On adding calcium chloride, ammonium chloride, and ammonia 
solution in excess to a solution of malic acid or of an alkali malate, 
the liquid remains clear, and tio precipitation takes place (if the quantity 
of ammonium chloride was not too small) even on prolomjed boiling 
(distinction from citrate ion) ; if, however, two or three volumes 
of alcohol arc added, calcium malate, C4H405Fa-f3H20, will separate 

» Bcr., 30, 288U. 
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as a white flocculeiit precipitate. If the Ihpiid is [)revioUsly lieated 
nearly to boiling point, and just sulhcient hot alcohol to cause a 
precipitation added, the precipitate will adhere to the sides of the 
glass tube in the form of soft lumps, which harden on cooling, and 
by means of pressure may be broken up into a crystalline powder 
(Barfoed). When heated with ammonia solution and silv&r nilmlc 
solution, calcium inalate does not cause a separation of silver, 
or only a slight one. Calcium malate dissolves in boiling lime 
water. (Distinction and method of scfiaration from calcium citrate. 
Fleischer.) 

5. Lime water does not precipitate malate ion, eitlier from a 
solution of free malic acid, or from that of a malic acid salt. Even 
on boiling, the liquid will remain perfectly clear, juovided the lime 
water was prepared with boiling water. 

(j. h'mi ncA’tale solution produces a white preeijiitate of Imd 
tmdatf, CyiiOsFb+dlLO, in a solution of malic acid, or of the 
malates. The precipitation is most complete when the liquid is 
neutralised with ammonia solution, since the precipitate is somewhat 
soluble, even in the case of a low concentration of hydrogen or hydroxyl 
ions. On heating the liquid, in which the jirecipitate is suspended, 
to boiling point, a portion di8.«olves, whilst the remainder melts 
and under water resembles fused rosin. The salt separates from the 
hot solution, when cooled, in the form of small needles or flakes. 
If it is a question of fusing lead malate in small quantities, it should 
first be heated until the jirecijiitate has agglomerated, the greater 
portion of the liquid poured off, and the remainder heated to boiling 
point with the jirecipitate. This reaction is only decisive if the 
lead malate is fairly pure ; if it is mixed with other lead salts, or if 
ammonia, for example, is added until the liquid is alkaline, the 
reaction will not occur, or only incompletely. 

7. Silver nitrate solution jiroduces in solutions of neutral alkali 
malates a white precipitate of silver malate, C' 4 H 405 Ag 2 , ^vhich 
becomes grey after long standing, or when boiled. 

,8. 'By oxidation uitli potassium. permmigawUe, aceto-oxalic acul, 
COOH.CO.CH^.COOII, is formed, the mercuric salt of which 
dissolves readily in dilute sulphuric acid, but with difficulty in 
acetic acid. On heating a solution of malic acad or of a malate 
to boiling jioint, afti'r the addition of rmu'curic acetate solution 
(prepared by dissolving 5 grins, of the salt in 100 c.c. of water and 
adding 1 c.c. of glacial acetic acid), then filtering the liquid to 
remove any turbidity which may have formed, and adding drop by 
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drop 2 per c-ejifc. pofasshiin permanganate solution, a white precipi- 
tate will immediately be ])rodueed. Jf mercuric sulphale is used 
instead of the acetate, the reaction will not appear. (Distinction 
from ciiria mid. (h Dcni^^es.l) 

!). if malic acid is heatcal on the w^ater bath with concvutndcd 
.suljdiKnin (icid. carbon dio.iidr, and carbon inotauidc will be (svolved 
first, then tlui liipiid will become browji and black, with the evolution 
of salithar dioxide. 

l(t With regard to the niicroclictnical detection of malic acid, see 
llaushofer, p. G7 ; and Dehrciis, Vol. 4, 17. 


Skcond Division 

Of the Fii\s( Croup of Orfpinie Aeids. 

Tin' acids of the. second division can lie suhlmual. whereby 
they an' paitially converted into acid anhydrides (succinic acid). 
TIn'y are not oxidisiai by nitric acid, and are apprei'iahly .solid)le 
in etlu'r. altliou<j;h succinic acid dissolves with com[)arative dilHculty. 
They an' |)recipitated from solutions of their normal alkali salts by 
neutral ferric chloride solution : Succinic acid, cinnamic acid.- 


Sec. 138. 


ClD.CDOil 

(a) Succinic acid, | (Succinate ion, 

CiL.COOll 

1. Sneeinic acid is a w'cak acid (dtssociaf ion ('onstant (3. 6.10“^ 
at 2.5"), and its solutions only undergo electrol\tic dissociation to a 
sliijht di'gree. It. crystallises in colourh'ss and odourle.ss rod-like 
or Hat crystals. It dissolves in 14(1 parts of water at 21^, dissolves 
readily in hot water and hot alcohol, .S])arinj^ly in cold alcohol, and 
slij'htly in ether (l ^Go : KH)). When heated for some time at 
140'^ it part ly sublimes undecomposed and partly yields wate^ ahd 
succinic anhydride, which can be sublimed. If heated rapidly, 
the acid melts at 181" and boils at 235"', whereby it is to a great 

’ Zvitsch. (mat. ('/uni., 40, 122. 

^ C'innamic acid is cKwIy n'lalcil in many rospiaits in it.s analyticnl behaviour 
to tlio si'cond yi'oiij) of orpinie acid.s (o-speoially to tho.se of the firs! ilivcsion of 
it) ; it foiru.s to a certain e.xtcnt a transition stage in passing from the first to 
the second group. 
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extent decomposed into anhydride and water. The sublimed anhy- 
dride consists of glistening needles. Heated in the air, succinic acid 
burns with a blue smokeless flame. When pure it is odourless, and 
has a slightly acid taste. It is not decomposed when heated with 
nitric acid. It also remains unchanged when heated with neutral 
potassium permanganate solution or, if pure acid is present, also 
in the presence of sulphuric acid (C. von der Ileide and H. 
Steiner i). 

2. The succmic acid salts (succinates) are decomposed on ignition, 
those with alkali ions or the ions of the alkaline earths being con- 
verted into carbonates, with the separation of carbon. Many of the 
succinates are soluble in water; they arc dissociated to a normal 
extent in aqueous solution, but no considerable hydrolysis takes 
place at this stage. As a dibasic acid succinic acid forms two 
scries of salts : normal succinates and hydrogen succinates, the solu- 
tions of which correspondingly contain succinate ion, C 4 ll 4 ()" 4 , and 
hydrogen succinate ion, C 4 H 50 ' 4 . Both sodium succinate and sodium 
hydrogen succinate may easily be obtained pure, even from very 
impure liquids, since they are only slightly soluble in alcohol and 
crystallise readily ; they may, therefore, be used for the detection 
and separation of succinic acid.- On heating succinates with potas- 
sium hydrogen sulphate in a small tube, succinic anhydride sublimes. 
Further, the acid may also be obtained from the salts by decomj) 08 i- 
tion with sulphuric acid and extraction with hot absolute alcohol ; 
also practically all the succinic acid may be obtained in ethereal 
solution by means of repeated extraction by shaking solutions 
(strongly acidified with sulphuric acid) with ether- or, better, by 
continuous extraction in a suitable a])paratus (cf. p. 47). 

3. On adding calcium chloride, ammonium chloride, and aninionia 
solution in excess to a solution of succinic acid or an alkali succinate, 
the liquid will remain clear in the cold, or, if the quantity of ammo- 
nium chloride was not too small, also when boiled. On adding 
2 or 3 volumes of alcohol (86 per cent, by weight), however, calcium 
succinate, C4H404Ca-[-31l20, W'ill separate in a crystalline form, 
although often only after some time. 

4. Barium chloride solution produces in solutions of alkali succin- 
ates, but not in that of free succinic acid, a crystalline wdiite pre- 
cipitate of barium succinate, (CH 2 ) 2 -(klOO) 2 Ba, though, as a rule, 
only after some time. Heat promotes the separation. On 

^ Zciluch. ami. Chou., 51, 70. 

* Cf. Meissner and JuUy, Zeilsch. ami. Chem., 4, 502. 
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adding alcohol the precipitate rapidly separates from dilute 
solutions. 

5. Ferric chloride solution, prepared by dissolving 1 part of 
crystallised ferric chloride in 1 part of cold water and then diluting 
with 8 parts of cold water (or by treating ordinary ferric chloride 
solution with dilute ammonia solution until a turbidity appears and 
then filtering the liquid), })roduces in neutral solutions of succinates 
a gelatinous precipitate (at first pale, then brownish-red), the com- 
position of which corresponds to the formula ((dl 2 ) 2 (COO) 2 Fe(OH). 
The ])recipitate dissolves in a large excess of the precipitant, forming 
a reddish-l)rown solution ; the preci|)itation does not take place, 
therefore, in very dilute succinate solutions. The jirescncc of 
anions which tend to form complexes with ferric ion disturbs the 
reaction, e.g. oxalate, tartrate, citrate, malate, and acetate ions. 
In that event, no precipitate is obtained or a paler one than usual. 
The precipitate dissolves easily in mineral acids, but sparingly in 
cold acetic acid ; it is decomposed by ammonia solution, whereby 
succinate ion dissolves and a less gelatinous, darker residue remains, 
which is less soluble and contains more iron (0. Doeppmg,^ 
Barfoed). 

6. Ijfad acetate mhition, when added dro]) by drop to a solution 
of free succinic acid or of alkali succinates, j)roduces an amorphous, 
white precipitate, which re-dissolves immediately in the presence 
of an excess of succinate ion or lead ion, but which soon separates 
from these solutions in a crystalline form This precipitate, lead 
sucemde, (CH 2 ) 2 (COO) 2 Pb, scarcely dissolves in water, even if 
boiling, or in succinic acid or lead acetate solutions, is readily 
soluble in nitric acid, but less easily in ace|ifc acid : when treated 
with ammonia solution it is converted into a basic salt. 

7. Silver nitrate solution precipitates succinate ion almost com- 
pletely from neutral solutions, though often only on standing, as 
white silver succinate, (CH 2 ) 2 (COOAg) 2 . 

8. Succinic acid, when carefully heated at about 200° with 
resordnol and sufficient concentrated sulphuric acid to moistei^ t^e 
mixture thoroughly, yields a brownish-yellow, fused mass, showing a 
green fluorescence. On adding water, it becomes a yellow, and on. 
being treated with ammonia solution in excess a pale-red solution, 
with a pronounced green fluorescence {resorcinol succinein). 

9. With regard to the mwrochemical detection of succinic acid, 
see Haushofer, p. 73 ; and Behrens, Vol. 4, p. 43. 

1 TAehufa Ann, d. Chem., 47, 279. 
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Sec. 139. 

(b) Cinnamic acid (j3-p)icnylacrylic acid), Celds.CH-CII.COOH 
(Cinnamylate ion. C 9 H 70 ' 2 ). 

1. Cinnamic acid crystallises in nionosymnietrical white rods 
with a melting point of 133°. It boils at 300°. It dissolves with 
difficulty ill cold water (1 part in 3500 parts at 17°), more readily in 
hot water, and easily in alcohol and ether. It may readily be almost 
completely extracted from its aqueous solutions by shaking with 
ether, as also from the solutions of its salts, strongly acidified with 
sulphuric acid. It is a weak acid (dissociation constant 3.5.10~^ 
at 25") ; its aqueous solutions, therefore, only undergo slight dis- 
sociation. When rapidly heated the greater portion volatilises 
without decomposition and may be sublimed. It is volatile with 
steam ; it may be almost completely expelled in a current of steam 
from its solutions or from concentrated solutions of its salts, strongly, 
acidified with sulphuric acid. 

It is oxidised by means of ])otassium permanganate in alkaline 
solution in the cold to benzaklehydc, and, when heated, to benzoic 
acid. When treated with strong nitric acid it is converted into 
nitrocinnamic acid. Apart from the ordinary cinnamic acid, a 
stereowomeric variety is known, which differs from it in its chemical 
behaviour, and stands in the same relation to it as, e.y. maleic acid 
to furnaric acid (cts- and transAoim). This cis-form appears in three 
heteromorphous forms, i.c. differing only in their melting point 
and the shape of their ci^^stals : natural isocinnamic acid, allocin- 
namic acid, and artificial isocinnamic acid.^ 

2. The cinnamic acid salts (cinnamylaies) vary in their degree 
of solubility. Only those of the alkali metals dissolve easily. The 
soluble cinnamylates are dissociated to a normal degree in aqueous 
solution ; the sodium salt is appreciably hydrolysed, and its con- 
centrated solutions show an alkaline reaction. On adding a strong 
acid to a cold aqueous solution of a cinnamylate, cinnamic acid 
will J)e preci})itated at once or after standing for a short while, 
even in the case of slight concentration (as low as under O’l per cent. 
/)f cinnamylate ion). 

3. Manganous salt solutions yield with not too dilute solutions 
of cinnamylates, although slowly (within an hour), a white precipitate 
of manganous cinnamylate, (CgHs.CH : CH.C00)2Mn-|-4H20, which 

* R. Bpilmann, Brr., 42, 182, 1443; 44, 3ir><); T. Lieborinann, Ihid., 42, 
1027. 
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gradually turns yellow and becomes crystalline. (Distinction from 
benzoic acid.) 

4. Ferric chloride solution, treated carefully with very dilute 
ammonia solution until a precipitate begins to form, and then 
filtered, gives a yellow precipitate with solutions of cinnamylates. 

5. Calcium chloride solution in sufficient excess gives with 
cinnamylate solutions a white precipitate of calcium cinnamylate, 
(C 0 H 5 .CH : CjH.COO) 2 Ca +31120, which dissolves with difficulty in 
water (1 part in about GOO parts) but more readily in alcohol. 

In dilute solutions {e.g. in a 1 per cent, solution of sodium 
cinnamylate) the precipitation only takes place after shaking. An 
additional quantity of cinnamic acid may be precipitated from the 
filtrate of the original precipitate by the addition of hydrochloric 
acid. 

6 . Ijcad acetate solution gives with cinnamylate solution a finely 
pulverulent precipitate of leadcirtiuimylate, {C 0 H 5 .CH : CH.C 00 ) 2 Pb, 
and silver nitrate solution a pulverulent precipitate of silver cinnamy- 
late, CflHs.CH : CH.COOAg, which dissolves readily in ammonia 
solution. 

7. On treating cinnamylate ion in a slightly alkaline solution 
in the edd with a few drops of potassium permanganate solution 
it is oxidised to henzoldehyde, which n)ay be detected by its odour of 
bitter almonds. (Distinction from benzoate ion. C. von der Heide 
and F. Jakoo.^) 

8 . In Mohler's reaction, descrioed in connection with benzoic 
acid (Sec. 141, 9), a brownish-red coloration is produced by cinnamy- 
late ion, like benzoate ion ; it differs, however, in that this brownish- 
red coloration docs not disappear on boiling (0. von der Heide and 
F. Jakob). 

9. With regard to the niwrochemical detection of cinnamic acid, 
see Behrens, Vol. 4, }>. 91. 


Se('. 140. 

Summary and Remarks on Organic Acids, 

1 . Of the organic acids and their ions dealt with, oxalic acid is 
characterised by the fact that calcium sulphate solution precipitates 
the free acid or its soluble salts from a solution slightly acidified 
with acetic acid. If calcium chloride solution is used instead of 

^ Zeiheh. amil. Chem., 53, 4r)0. With regard to a similar method of detec- 
tion by mean.s of photochemical oxidation to bcnzaldehyde in the [)rc8once of 
uranyl acetate solution, cj. A. Jorissen, ZeiUch, anal. Chem., 41, 030. 
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calcium sulphate solution, this reaction loses its value as a dis- 
tinctive test (Sec. 143, 7). 

2. Tartaric acid is distinguished by the sparing solubility of 
potassium hydrogen tartrate, the solubility of its calcium salt in 
cold sodium and potassium liydroxide solution, its [)ehaviour towards 
ammonia solution and silver nitrate, the almost complete insohibility 
of calcium racemate (Sec. 134, 7) ; further, by the odour which 
tartaric acid and its salts emit when heated, and finally by the 
colour reaction with resorcinol and sulphuric acid. It may best 
be detected in the presence of other acids by means of potassium 
acetate or potassium fluoride (Sec. 134, 5), as also by testing the 
previously precipitated calcium salt with resorcinol and sulphuric 
acid (Sec. 134, 17). The test with potassium acetate is best carried 
out with a solution concentrated by evaporation ; the addition of 
alcohol should be avoided, since in the presence of alcohol oxalic 
acid solutions can also give a precipitate (of potassium hydrogen 
oxalate). Further, the reactions given in Sec. 134, 13, 15, and 16, 
afford a means of distinguishing tartaric acid from citric acid, malic 
acid, and succinic acid, and of detecting it in their presence. For 
the detection of tartaric acid in the presence of citric acid, reaction 14 
— heating with concentrated sulphuric acid — is suitable (c/ also 
Sec. 136, 8), since by means of this even 0'2 per cent, tartaric acid 
may be detected in citric acid by the resulting brown coloration. 
Other organic substances, however, apart from tartaric acid and 
tartrates, give the same brown coloration, e.g. sugar and tannin. i 

3. Citric acid may, as a rule, be recognised by its behaviour to 
lime water or to calcium chloride and ammonia in the presence of 
ammonium chloride, but in this case the absence or the previous 
separation of oxalic acid and tartaric acid, as also the use of a 
sufficient excess of lime water or a correctly measured quantity of 
calcium chloride, is assumed. Further, the microscopical a}q)earance 
of the barium salt (Sec. 136, 5), as also the preparation of the products 
of decomposition described in Sec. 136, 12, form a reliable and 
trustworthy means of detection ; above all, however, the reactions 
of Moslinger, Deniges, Stahre, and Merk are important and 
characteristic. 

1 With regard to the distinction of tartaric acid from the other organic 
acids by means of hexaminocoballichloride (luteo-cobalt chloride), cf. C. D. Braun, 
Zeitsch. anal. Chem., 7, 349. Tartaric acid when heated with the above-men- 
tioned reagent in alkaline solution gives a green to bluish -violet colour reaction, 
whereas malic acid, formic acid, succinic acid, acetic acid, oxalic acid, and 
citric acid give precipitates of cobaltic hydroxide under similar conditions. 
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In Moslinger's test (Sec. 136, 6) the presence of tartaric acid and 
malic acid has a disturbing influence. Tartaric ion should, there- 
fore, be precipitated as potassium hydrogen tartrate, and the filtrate 
treated with ammonia to slightly alkaline reaction to separate 
the malic acid, and barium chloride solution and ~ volume of alcohol 
added to the new filtrate. After standing for 12 to 18 hours the 
precipitate, presumably containing barium citrate, is filtered off 
and without being washed is distributed in about 15 c.c. of hot 
water and carefully decomposed drop by drop with dilute sulphuric 
acid. It should be filtered from the barium sulphate, and the 
filtrate tested according to Sec. 136, 6, by boiling with glacial acetic 
acid and lead acetate. If the whole of the lead precipitate does 
not re-dissolve on boiling, the boiling liquid may be filtered and note 
taken whether the filtrate, on cooling, shows a milky turbidity 
(J. Schindler ^). The detection is rendered more trustworthy 
in the presence of foreign acids by converting the lead precipitate 
into calcium citrate. The lead precipitate is filtered off when- 
completely cold, washed several times with 50 per cent, alcohol, 
distributed in water and decomposed by the introduction of hydrogen 
sulphide.' After boiling away the excess of hydrogen sulphide 
the filtrate from the lead sulphide is rendered shghtly alkaline 
with ammonia solution and treated with a little calcium chloride 
solution. When this solution is reduced to about 1 c.c. and heated 
for some time by inserting the test-tube containing it into boiling 
water, calcium citrate crystals separate, the characteristic shape 
of which may be recognised under the microscope (J. Mayrhofer). 

Deriighs’ reaction (Sec. 136, 9) may, according to recent investiga- 
tions, be considered as specific for citric acid. If large quantities 
of tartaric acid are present with citric acid, the solution is first 
heated with a considerable (juantity of potassium permanganate 
solution until decolorisation takes place ; mercuric sulphate solution 
is then added and the whole boiled. 

In the case of Stahre’s reaction (8ec. 136, 10) the odour of bromo- 
forni may be produced by malic acid but not b}^ tartaric acid, ^he 
real characteristic therefore lies in the appearance of the penta- 
bromo acetone turbidity, which does not occur in the case of malic 
acid. In the presence of these acids, therefore, bromine water 
should be added first and then the potassium permanganate solution, 
the latter in a somewhat larger quantity. 

Merk’s test (8ec. 136, 11) is affected in the presence of tartaric 
^ Z^itsch, anal. Chem.f 52, 32. 
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acid by the dark coloration which the latter produces in concentrated 
sulphuric acid. In that case, instead of pure sulphuric acid, a 
mixture of 1 part of acetic anhydride and 2 parts of concentrated 
sulphuric acid should be used, as there is then no disturbing 
influence. 

4. Malic acid would be easily cliaracterised by the behaviour 
of its lead salt, when heated under water if this reaction were more 
sensitive and if it were not so easily pi-cvented by the presence of 
other acids. Conversion into oxalic acid (Sec. 137, 8) is characteristic 
of malic acid. The most certain method of recognising it is by 
converting it into maleic acid and fumaric acid (Sec. 137, 2). Malic 
acid may also be distinguished from citric acid and tartaric acid by 
the sparing solubility of its lead salt in ammonia solution, whereas 
lead citrate and lead tartrate dissolve easily in ammonia solution 
free from carbonate. Calcium citrate and calcium malate may be 
separated by means of boiling lime water, which dissolves the latter 
and leaves the former undissolved. Malic acid may also be detected 
in the presence of citric acid and succinic acid by treating the solution 
(acidified with a few drops of sulphuric acid) with a little potassium 
dichromate and heating it to boiling point when, in the* presence 
of malic acid, the odour of fresh apples will become noticeable 
(Papasogli and J^oli). 

5. Succinic acid is above all characterised by its behaviour 
towards ferric chloride solution. The same may be said of cinnamic 
acid, the behaviour of which towards manganous salt solutions — 
only oxalate ion gives precipitates apart from cinnamylate ion — 
and further, its sparing solubility in water and its oxidation to 
benzaldehyde may be noted. In the presence of small quantities 
of cinnamylate ion those reactions fail which depend on the sparing 
solubility of the calcium salt and, under certain conditions, on that 
of free cinnamic acid. In such cases tests for cinnamic acid must 
be applied to the extract obtained by shaking the solution (acidified 
with hydrochloric acid) with ether {cf. Sec. 145). 

6. If only one acid or the ion of one of the six acids mentioned is 
in solution, its behaviour towards lime water affords certain informa- 
tion, for succinate ion and malate ion ure not precipitated, whereas 
citrate ion is only j^recipitated by continued boiling, and cinna- 
mylate ion, tartrate ion, and oxalate ion are jirecipitated even in 
the cold ; the precipitate produced by cinnamylate or tartrate 
ion dissolves on the addition of ammonium chloride, whilst calcium 
oxalate does not. A definite distinction between succinate ion 
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and malate ion, as also between cinnanivlate ion and tartrate ion, 
is then afforded by means of the ferric chloride reaction. 

7. If it is likely that several of the acids mentioned or their 
ions are present together in solution, a test should first he made to 
ascertain whether a turbidity is produced by the addition of hydro- 
chloric acid.i If this is not the case, no notice need be taken of the 
cinnamylate ion in the following/ ))rocedure. If, however, a turbidity 
does appear, whi(‘h is removed on shakinj^ the liquid with ether, 
it is not iKHX'ssarily caused by cinnamic, acid ; it may well be due to 
the presence of benzoic, or salicylic acid. 

Ajiart from the result of this preliminary test, oxalate, tartrate, 
and any cinnamylate ions are precijiitated from the main portion 
of the solution by the addition of a slight excess of calcium chloride 
and ammonia solution in the jirescnce of ammonium chloride. It 
should, however, be noted that under these conditions the calcium 
cinnamylate is only incompletely precipitated,- and the calcium 
tartrate almost quantitatively jirecipitated only after some time, 
possibly after about two hours ; also that citrate ion, if present in 
any (piantity. prevents the c-omplete precipitation of the oxalate 
ion and still more that of the tartrate ion. (lalcium tartrate may 
be extracted from the j)rec.ipitate by treatment with sodium 
hydroxide soluti(m (8ec K34, 6). Tartrate ion may also be detected 
in a portion of the precipitate by means of resorcinol and sulphuric 
acid (Sec. 134, 17). Another portion of the preci])itate is boiled 
with sodium carbonate solution ; the .solution filtered from the 
resulting calcium carbonate may, if the result of the preliminary 
test renders it nece.ssary, be used for the detection of cinnamic 
acid in accordance with Sec. 139, 3, 4 and 7. as also by precipitation 
of the free acid by means of hydrochh^ric acid. A second ])ortion 
of the calcium carbonate filtrate (slightly acidified with acetic 
acid) is tested for- oxalate ion with calcium sulphate solution ; a 
further portion may be used for the detec.tion of tartrate ion by 
])recipitation as potas.sium hydrogen tartrate, or a precipitate may 
be produced with calcium acetate solution, and the filtrate ©f this 
tested for tartrate ion by means of f-tartaric, acid (Sec. 134, 7. 
S. N. Bronsted ^). 

1 This may have bocai observed in tlie original tests for cations in the detec- 
tion of the metals of the first division of tlie fifth group (Sec. 157, 1 ; Sec. 164, 1). 

“ Hcaice, in the case of very small quantities, the cinnamic acid will not 
be found here. 

^ ZciWi. anal. Chem., 42, 1.^). In a similar manner the test may, if necessary, 
be carried out here for /-tartaric acid by means of d-tartarie acid solution. 



520 BEHAVIOUR OF SUBSTANCES TO REAGENTS cu. ii 

When testing for citrate ion, inalate ion, and succinate ion, 
the original filtrate (of the first precipitate produced with calcium 
chloride solution) is treated with about three times its quantity 
of alcohol, ilfter standing for several hours, calcium citrate, calcium 
malate, and calcium succinate (and with them the remainder of the 
calcium oxalate and tartrate) will then be precipitated. A small 
portion of the precipitate, after being washed with 70 per cent, 
alcohol, is tested for citrate ion according to the methods of Deniges, 
Stahre, or Merk (Sec, 136, 9, 10, 11). 

If no citrate ion is detected, the main quantity of the 
precipitate is tested for malate and succinate ion according to 
the methods given in the following paragraphs ; if citrate ion is 
present, the main portion of the precipitate is dissolved in a little 
dilute hydrochloric acid, ammor»ia solution added to the solution 
until the reaction is alkaline and the whole then heated until it 
boils. Calcium citrate separates and can be filtered olf ; the filtrate 
may be tested for malate and succinate ions. For this purpose a 
further quantity of calcium malate and calcium succinate are pre- 
cipitated by adding 80 per cent, alcohol and allowing the liquid to 
stand for several hours, care being taken to keep the ammonia in 
excess. 

To test for succinate ion the Jiialate ion is best destroyed by 
means of oxidation with nitric acid (cf. 8ec. 176, rubric number 
188), or with potassium permanganate. i Succinic acid may be 
extracted from the residues left after oxidation by treating the 
liquid (strongly acidified with sulphuric acid) with ether in a con- 
tinuous extraction apparatus, and then identified by means of the 
reaction with ferric chloride. In the absence of a continuous ex- 
traction apparatus the liquid may be rejmtcdly slialcen wit h ether. 

As malate ion is oxidised by nitric acid to oxalate ion, the 
detection of the latter in the product of reaction resulting fiom the 
oxidation with nitric acid may be regarded as a proof of the presence 
of fraalate ion in the original material. 

The direct detection of malate ion by the following method is 
more trustworthy, A portion of the precipitate possibly containing 
calcium malate is boiled with 10 per cent, sodium carbonate solution, 
the liquid filtered from the resulting calcium carbonate and the 

^ Suitable methods for this purpose have been given by U. von der Heide 
and J. Steiner, Zeilach. anal. Chcjn., 61, 70, and 0. von der Heide and E. Schwenk, 
Ibid., 51, 529. 
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filtrate evaporated to dryness with lU per cent, sodium hydroxide 
solution. The evaporation residue is heated for two hours in a 
drying oven at 120° to 130°, then dissolved in hydrochloric acid and 
the solution shaken with ether. If malate ion v^bs present the 
ether will, after evaporation, leave fumaric aeid behind, which 
may bo recognised by its sparing solubility in water, and after 
crystallisation frojn a droj) of water, may be recognised micro- 
clicmieally by its characteristic irregular feathery or branching 
crystals! (R. Kunz and F. Adam-). 

One method of detecting malic acid in the presence of oxalic, 
tartaric, and citric acids consists in concentrating the solution of 
the acids (neutralised by ammonia solution) so far that it begins 
to cTystallisc when cold, then neutralising it again when warm 
with ammonia solution (since, owing to hydrolysis the ammonia 
escapes during evaporation and the liquid will have become acid 
again) and treating it with 8 parts of strong alcohol (98 per cent.). 
After 12 to 24 hours the solution, which contains the greater portion 
of the ammonium malate, is filtered from the separated ammonium 
oxalate, ammonium tartrate, and ammonium citrate, the inalate 
ion precipitated with lead acetate, and the lead malate washed 
with 90 per cent, alcohol and submitted to further tests (Barfoed). 

If a little citric acid or 'inalic acid is to be detected in the presence 
of much tartaric acid, the tartrate ion should first be prcci[)itatcd 
with potassium acetate, with the addition of an equal volume of 
strong alcohol. Citrate or malate ion may be precipitated in the 
filtrate by means of calcium chloride and ammonia solution if the 
quantity of alcohol is slightly increased. Finally, the calcium 
malate may be se[)arated from the citrate by treatment with boiling 
lime water.3 


Second Group op Organic Acids. 

The normal calcium salts of the acids of the second group are 
comparatively readily soluble in water. The solutions of^ the 
normal alkali salts give precipitates or colour reactions with ferric 
chloride solution : Benzoic acid, salicylic acid, formic acid, acetic 
acid [pro'pionic acid, n-bulyric acid, lactic acid). 

^ See the illustrations in Behrons, Vol. ■!, p. 49. 

* Zeitsch. ami. Chem., 46, 201. 

3 With regard to the separation of the acids dealt with hero from one another 
and from several others, rf. also W. Keim, Zeitsch. aval. Chem., 30, 405 ; C. Micko, 
Ibid., 31, 405; N. Sclioorl, Zeitsch. aiigew. Chem., 13, 307; G. Jorgensen, 
Zeitsch, V liters, Nahr. Genass., 17, 396. 
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First Division. 

The acids of the first division may be sublimed undecomposed. 
They are only appreciably volatile with steam from their aqueous 
solutions when strongly concentrated. They are nitrated by nitric 
acid. They dissolve with difficulty in water, but readily in ether, so 
that by shaking their aqueous solutions with the latter they are 
almost completeh’’ extracted without difficulty {benzoic acid, salicylic 
add). 

8ec. 141. 

(a) Benzoic acid, (cIIs-COOlI (Benzoate ion, C(jH5.C0'2). 

I. Benzow acid in the pure condition consists of odourless, though 
generally faintly aromatic, brilliant white fiakes or needles, or of 
a crystalline powder. It melts at 121*4°, and boils at 250°, and 
volatilises completely. Heated in an open disli, it evaporates to 
a considerable extent even at 100°. its vapours have a character- 
istic irritating effect on the throat, causing coughing. When care- 
fully cooled, they condense as lustrous needles. When ignited 
they burn with a luminous, smoky flame. The ordinary medicinal 
benzoic acid has the odour of gum benzoin, and when heated in a 
test-tube leaves a slightly brown residue. Benzoic acid dissolves 
at 0° in 088, at 20° in 345, at 1(X)° in 17 j>arts of water (Boiirgoin) ; 
it is readily dissolved by alcohol and by ether. A saturated 
alcoholic solution is, therefore, rendered slightly turbid l)y water. 
It may be almost completely extracted from its aqueous solution, 
or from solutions of its salts strongly acidified with sulphuric acid, 
by shaking them with ether. It is a weak acid (dissociation con- 
stant 6.10~i) ; its aqueous solutions are, therefore, only dissociated 
to a slight extent ; they have an acid reaction. It dissolves to a 
colourless liquid in concentrated sulphuric acid, from which it is 
precipitated by water unchanged. It is volatile in steam ; it may 
be expelled almost completely in a current of steam from its con- 
centrated aqueous solutions, or from the concentrated solutions of 
its salts strongly acidified with sulphuric acid. Benzoic acid remains 
unchanged when heated with an alkaline solution of potassium 
permanganate. When treated with strong nitric at^id it is converted 
into nitro-benzoic acid. 

J. Benzoic acid sails {henzo(Ues) are maiidy soluble in water ; 
only those are ])ractically insoluble which contain weak cations. 
Soluble benzoates have a characteristic, irritating taste; they are 
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dissociated in aqueous solution to a normal extent. If a strong 
acid is added to concentrated aqueous solutions of benzoates, the 
benzoate ions combine with hydrogen ions to form benzoic acid, 
wliich separates in the form of a dazzlingly white, crj^stalline 
powder, dissolving with difliculty. In the same way benzoic acid 
is precipitated from its insoluble salts on the addition of strong 
acids, which form soluble salts with the cations with which the 
benzoate ion was combined. 

3. Ferric chloride solution, prepared in the cold (Sec. 138, 5) 
precipitates benzoate ion almost completely from solutions of 
benzoates. The precipitate consists mainh' of tlic benzoate of the 

III 

hexahenzoalotri ferric base,i C6H5.COO[({)H).jFe3((yjfi.('OO)0l. The 
voluminous flesh-coloured precipitate is deconqmsed on treatment 
with ammonia solution in a similar manner to basic ferric succinate, 
•but differs from the latter in that it dissolves in a small quantity 
of hydrochloric acid, with the separation of the greater portion 
of th(‘ benzoic acid. Alkali tartrates ])rcvent or influence the pre- 
cipitation of the ferric compound. 

4. h'ad acetate solution does not jireeipitate free lienzoic acid, 
but jirecipitates benzoate ion in a flocculent form. The preci[»itatc 
(C(j}f5.(JOO)2rb-{-il2^) does not dissolve in the presence of an excess 
of benzoate ion. but it is soluble in an excess of lead acetate solution, 
as also in acetic acid. When the solution containing the precipitate 
is heated to boiling point, the latter is not dissolved, even on the 
addition of ammonia solution. 

5. On treating a solution of benzoic acid or of a benzoate with 
barium or calcium chloride solution, ammonia .solution, and dilute 
alcohol, no precipitate is formed. (J)i.stinction from succinic, acid.) 

6. Silver nitrate solution does not produce a ])reci])itate in solu- 
tions of free benzoic acid, but on the addition of sodium acetate 
crystalline silver benzoate is precipitated, CsHs.FOOAg. It forms a 
white [irccipitatc in solutions of benzoates on the addition of silver 
nitrate solution. Silver benzoate is readily soluble in ammtnk 
solution, as also in a large quantity of boiling water. 

7. Benzoic acid is esterified by a single boiling with a little 
absolute alcohol and concentrated sulphuric acid. If, when cool, 
the test-tube is filled nearly to the top with water and 5 c.c. of ether, 
and then shaken, the benzoic acid ethyl ester, C^f^.COOlt^Hs), is 
taken up by the ether. On dipping a strip of filter paper into 

^ K. F. Weinland and A. Herz, iier,, 45, 2062. 
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the latter, the ester may be recognised on it, after evaporation, by 
its odour (A. Rohrig i). 

8. On evaporating an alkaline solution containing benzoate 
ion to about 0‘5 to 1 c.c., acidifymj it on a clock glass, adding a 
granule of SOdium amalgam, then covering it witli another clock 
glass, the strong odour of henzaldehyde, CQH5.CHO (recalling that 
of bitter almonds), will become noticeable when the glasses are 
opened, after the evolution of hydrogen has ceased (K. 11. Lehmann 2). 

9. If a small quantity of a slightly alkaline solution of benzoic 
acid or of a Soluble benzoate is evaporated to dryness in a test-tube 
on a suitable bath heated to 110°-115°, the residue cooled and then 
slowly heated with a small quantity of a mixture of 2 parts of 
concentrated sulphuric acid and 1 part of concentrated nitric acid 
in an oil bath (a small beaker with ])araliin oil) to 240^, 1 c.c. of water 
carefully added when the mixture is cool and the latter treated 
when again cool with an excess of anmwnia solution, a yellow 
coloration will generally appear. On boiling the mixture, cooling 
it, and dropping on to it a 10 per cent, sodium monosulphide solution 
(freshly prepared by dis.solving crystallised sodium sulphide in cold 
water), a reddisli-hroicn ring will appear almost immediately, the 
colour of which is imparted to the whole liquid when sliakim. On 
boiling the mixture the former yellow coloration returns. In 
this reaction there is first formed (owing to the action of the acid 

mixture) dinitrobenzoic acid, which is then further reduced by 

1 3 6 

the sulphide to nitro-?/i-aminobcnzoic acid, C6H5.NO2.NH2.COOH, 

1 .3 6 

and to diaminohenzoic acid, C6H3.NH2.NH2COOH, the ion of which 
dissolves, showing a reddish-brown colour (E. Mohler,'*^ C. von der 
Heide and F. Jakob ^). 

10. Benzoic acid is oxidised by hydrogen peroxide to salicylic 
acid. On boiling 4 c.c. of an aqueous benzoic acid solution with 
0'2 c.c. of acetic acid, U'2 c.c. of ferric chloride solution, and 0 2 c.c. 
of hydrogen peroxide solution by placing it in a boiling water bath, 
fhe^e will appear after 10 or 15 seconds the characteristic violet 
coloration due to the resulting salicylic acid (Jonescu, Heniges ^). 
(Distinction from cinnamic acid.) 

The sensitiveness of the reaction depends on the ratio of hydrogen 
peroxide to benzoic acid ; mineral acids, volatile fatty acids, and 

^ Zeitsch. arud. Chem., 63 , 465. 

» Ibid., 36 , 202 . 


» Ibid., 61 , (586. 


“ Ibid, 53, m. 
« Ibid., 68, 469. 
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otlier volatile acids, and also alcohol, have a preventive action 
(0. Biernath ^). 

11. Benzoic acid is partially converted into salicylic acid also 
by fusion with alkali under certain very limited conditions. Benzoic 
acid is dissolved in a few drops of sodium hydroxide solution and 
about \ c.c. of water, evaporated to dryness in a silver crucible 
on the water bath, and then fused over a small flame with 2 grms. 
of coarsely pulverised potassium hydroxide and kept in a state of 
fusion for 2 minutes, while being stirred with a thick platinum 
wire. On dissolving the fused mass in water, acidifying the solution 
with sulphuric acid, shaking it with ether, and evaporating the ether 
solution (previously washed three times by shaking it with a little 
water) with 1 c.c. of water at a low temperature, the aqueous 
residue will give with ferric chloride solution the violet colour reaction 
of salicylic a(‘id (K. Fisher and 0. Gruenert -). 

12. With regard to the mivrochemical detection of benzoic acid, 
sec Haushofer, p. 71 and Behrens, Vol. 4, p. 71. 


8eo. 142. 

(b) Salicylic acid (Ortho-hydroxybenzoic acid), (^ 6 n 4 .(OH).(COOH) 
(Salicylate ion, C6G4(01I).C00'). 

1. Salicylic acid is a fairly weak acid (dis.sociation constant 
1.10“^), and only undergoes slight dissociation in its aqueous solution. 
It crystallises in the form of colourless and odourless needles or rods. 
It dissolves slightly in cold and more readily in hot water, one part 
requiring 66(i parts of water at 0 °, 370 parts at 20 °, and 12‘6 parts 
at 1(X)° (Bourgoin). It is exceedingly soluble in alcohol and in ether, 
as also in amyl alcohol and chloroform. From its aqueous solutions 
or acidified solutions of its salts, it may be almost completely ex- 
tracted by shaking with ether or chloroform. Salicylic acid melts 
at 155°, and when carefully heated sublimes unchanged in the form 
of needles ; when rapidly heated it is partly deiiomposed into carbon 
dioxide and phenol. When an aqueous salicylic acid solution is 
boiled, it volatilises to a considerable degree, and may to a lar^e 
extent be expelled from its strongly concentrated aqueous solutions 
or from solutions of its salts, acidified with 8ul])huric acid, by con- 
tinuous distillation in a current of steam. Its aqueous solutions 
give a distinctly acid reaction. The action of strong nitric acid 
on hot salicylic acid produces nitrosalicylic acids. It is completely 
» Zeitsch. amL Chm.y 53 , 462. • Ibid., 63 , 456. 
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decomposed when heated with an alkaline solution of potassium 
permanganate. 

2 . Salicylic acid forms with bases two series of salts (salicylates), 
which arc generally termed neutral and basic. In the “ neutral ” 
salts only the hydrogen of the carboxyl grtup is replaced, and 
in the “ basic ” salts that of the hydroxyl group as weJl. The 
aqueous solutions of salicylates are dissociated to a normal extent, 
those of the basic salts being also considerably hydrolysed, so that 
they give an alkaline reaction. Solutions of the alkali salts turn 
brown when heated in the air, especially if they contain basic salts. 
Most of the neutral salicylates are soluble in water, but of the basic 
salicylates many do not dissolve in water or only slightly. The 
alkali salts of salicylic acid are converted when heated at definite 
high temperatures into salts of p-hydroxybenzoic acid. When 
heated with an excess of alkali either a conversion into p-hydroxy- 
benzoates will occur, or partial decomposition, with the formation 
of carbon dioxide and phenol, or the salts remain unchanged, 
according to the temperature and the ({uantitv of the excess of alkali 
(H. Osti). The salts of the alkaline earths and heavy metals are 
partly decomposed at temperatures between 2 (X)'" and 400 ° into 
carbon dioxide and phenol; conversion into p-hydroxybenzoate 
does not take place (A. v. d. Velden -). Mineral ax:a(U precipitate 
salicylic acid from suflQciently concentrated solutions of salicylates 
as a crystalline, ivhite 'precipitate. Acetic acid does not cause 
precipitation. 

3 . Lead acetate solution produces in the solutions of neutral 
alkali salicylates a white precipitate of lead salicylate, (0^114.011. 
C00)2Pb-t-H20, which dissolves in exccvss of lead acetate as also 
in acetic acid, but not in ammonia solution. The precipitate dis- 
solves if the solution is heated ; it separates in small crystals when 
the solution cools. 

4. Calcium chloride, as also barium chloride, does not yield pre- 
cipitates in solutions of alkali salicylates, even on the addition of 
ammonia solution and dilute alcohol. 

‘ 5 . Silver nitrate solution produces in a solution of sodium salicylate 
a voluminous white precipitate of silver salicylate, C6H4.0H.C00Ag, 
which becomes crystalline on standing. Tt is readily soluble in 
ammonia solution. 

6 . On mixing a solution of salicylic acid in methyl alcohol 
with half its volume of concentrated sulphuric acid, and heating it, 
> ./. frakl. Chem., N. F., 11, 392, * Ibid., N. F., 16. 160. 
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a compound, tlie methyl ester of salicylic acid, with an aromatic 
odour, is formed, and may he separated by distillation ; this is 
the chief ingredient of oil of wintergreen. By dissolving salicylic 
acid in ethyl alcohol, the corresponding ethyl compound, with a 
similar odour, is formed after the solution has been allowed to stand 
in a wa,pn ])lace. 

7. On adding to an arpieous solution of not a}>preciably dis- 
sociated salicyli<! acid a small (jiiantity of freshly pre{)ared ferric 
chloride solution, more or less dilute according to the quantity 
of salif'.ylic acid, the liquid will assume an ivteme violet coloration. 
Free formic acad, aisotic acid, butyric acid, lactic acid, tartaric acid, 
citric acid, and other hydroxy acids influence the sensitiveness of 
this very characteristic leacdion ; hydrochloric acid and ammonia 
pi’cvent it. The reaction is based on the formation of ferric salts 
of disalic>/lat< ferric acid : 


C6H4' 


,coo. 

>Fc”' 




.0 


\C00H 


The solution of a salicylic acid salt reacts at first somewhat differ- 
ently from the free acid. On adding very dilute ferric chloride solu- 
tion. drop by drop, to a concentrated solution of sodium salicylate, 
there will be formed first a fiery reddish-yellow and then, on further 
addition, a red coloration (similar to that of ferric thiocyanate), and 
only on a still further addition the violet reaction, which is also 
shown by the free acid. The reddish-yellow coloration depends on 

III 

the formation of trisaliciflatoferric acid, Fe(O.CfiH 4 .COOH) 3 , the 
red coloration on the formation of disalicylatoferric acid, and the 
violet on the formation of the above-mentioned ferric salts of 
the latter (R. F. Weinland and A. Herz i). A considerable excess 
of ferric chloride causes the violet colour to change into red tinged 
with brown in the case of both salicylic acid and salicylates. 

8. On boiling an aqueous salicylic acid solution with a *fcW 
drops of a 10 per cent, mercuric nitrate solution (prepared by 
heating 10 grins, of mercuric nitrate with 90 c.c. of water until 
nearly boiling, adding concentrated nitric acid drop by drop until, 
while stirring the mixture and pressing the solid ])articles with a 
glass rod, all the basic salt is dissolved, and finally adding water 
* Liehvfx Aren. d. Chem., 400 , 219 . 
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up to 100 C.C.), adding two or three drops of dilute sulphuric acid — 
if necessary boiling the mixture — and finally drop by drop 1 per 
cent, sodium nitrite solution, a red coloration will ajipear, which 
generally becomes more marked on cooling (Millon’s reaction). 
This reaction is based on the fact that first a complex tnercuric 
salicylic acid is formed ; 

/OH 

CoH3(cO.O(2, 3,1) 

^Hg 

which then yields with nitrite ion a nitroso compound, which dis- 
solves in the presence of mercuric nitrate, forming a red solution 
(C. J. Lintner i). All other substances which contain the hydroxy- 
phenyl group [C 6 H 4 ( 0 H)_ 1 , including the proteins, show in this test a 
red coloration which is due to a corresponding mechanism of reaction. 

9. On heating 10 c.c. of a salicylic acid solution with 4 drops 
of a 10 jier cent, 'potassium or sodium nitrite solution, 4 drops of 
acetic acid, and 1 drop of 10 per cent, cupric sulphate solution for 
some time in a boiling water bath, a blood-red coloration is produced 
(A. Jorissen 2). 

10. Although when Mohler’s reaction, described in connection 
with benzoic acid (Sec. 141, 9), is used, salicylate ion gives a bright 
yellow coloration when neutralised with ammonia solution, the 
formation of the reddish-brown zone when sodium monosulphide 
solution is poured on to the mixture does not occur, or occurs at 
most after a few minutes. If, on the other hand, the solution is 
then boiled a very deep reddish-brown coloration appears-— a further 
contrast to the behaviour of benzoate ion. If the monosulphide 
solution is replaced by a sodium polysulphidc solution or by yellow 
ammonium sulphide, the red-brown zone appears inunediately, 
even in the cold. 

11. Salicylic acid is almost completely precipitated from its 
aqueous solution by bromine water as symmetrical trihronwphenol, 
C6H2Br3.0H (2, 4, 6, 1), in the form of white flakes; on the 
addition of a sufficient excess of bromine this is converted into 
yellowish-white almost insoluble p-ketodihydrotetrabroinobenzene, 

(R. Bonedikts). 

12. With regard to the microcliemwal detection of salicylic acid, 
see Behrens, Vol. 4, p. 80. 

* Zeitsch. angew. Chem., 13 , 707 . * Zeitsch. anal dim., 42 , 468 . 

* Liebig^ Ann. d Clmn., 199 , 136 . 
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Second Division 
Of the second group of organic acids. 

The acids of the second division dissolve very readily in water. 
With the exception of lactic acid they volatilise readily with steam, 
and may he almost completely expelled without difficulty from fairly 
dilute solutions : Formic acid, acetic acid {propionic acid, n-hutyric 
acid, lactic acid). 

Sec. 143. 

(a) Formic acid, H.COOH (Formate ion, H.COO'). 

1. Formic acid is a colourless, transparent, corrosive, slightly 
fuming liquid, with a very penetrating and characteristic odour. 
It crystallises at —1" in colourless leaves, which melt at 

It is miscible with water and alcohol in ail proportions. It boils 
at 10 1*^, and can be distilled without decomposition. Its va[)ours 
can be ignited and burn with a l)lue llame. When distilled in a 
current of steam it may be completely expelled without difficulty, 
even from only sliglitly c,oncentrated solutiims. 

It is a weak acid (dissociation constant 1.14.10“i at 25'), and 
therefore only slightly dissociated in its aqueous solutions. It is 
i‘eadi!y and completely oxidi.sed when heateil with chromic acid, 
or with potassium permanganate in alkaline solution. 

2. Nearly all the formic acid salts (formates) are fairl}' readily 
soluble in water ; the grc'ater number dksolve with difficulty in 
alcohol. They arc dissociated to a normal extent in aqueous solu- 
tion, and at this stage are not hydrolysed to any appreciable degree. 
The solutions of the alkali salts, thereforiy show a neutral reaction 
towards litmus. When heated to a fairly high temperature (the 
sodium salt at about 290° to 3(10 ’) the alkali salts, especially in the 
presence of a free alkali, arc converted almost completely into 
oxalates, with the liberation of hydrogen : 

211.COONa~li2-|-(COO)oNa2 

• * 

When ignited, the formates give a residue of carbonates, oxides, 
or metals ; carbon separates simultaneously, and inflammable 
gases, carbon dioxide, and water escape, 

3. On adding ferric chloride to a dilute formic acid solution 
and almost neutralising it with ammonia, or on mixing the 
neutralised solution of a formate with ferric chloride solution, the 
liquid will assume a dark red colour (provided the ferric chloride 

34 
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remains in excess). When boiled it becomes colourless (if too much 
ferric chloride was not added), since all the iron separates in 
brownish-yellow flakes mainly as basic ferric fonmie. The red 
coloration of the solution depends mainly on the formation of the 

TII 

cation of the hexaformatotriferric base [(H.COO) 6 Fe 3 ]' '. In the 
presence of very much sodium formate with little ferric chloride, 
e.g. on the addition of a small quantity of the latter to a saturated 
solution of the former, a light green coloration is first produced, 
owing to the formation of the anion of the hexa/ormaio^nonoferric 

Ilf 

base f(H.COO)6Fe]'". which is only re])laccd by the red coloration 
on a considerable addition of ferric chloride (R. F. Weinland and 
H. Reihlen i). The red coloration changes to yellow on the addition 
of hydrochloric acid. (Distinction from thiocyanate ion.) Ammonia 
precipitates all the iron from the red solution as ferric hydroxide. 

4. Silver nitrate does not preci|)itate free formic acid, and only 
])rocipitates alkali formates in concentrated solutions. The crystal- 
line, white, sparingly soluble precipitate of silver formate^ H.COOAg, 
soon becomes darker through the separation of metallic silver. On 
standing for some time complete reduction takes place, even in the 
C/old, but on heating the li(|aid with the precipitate it takes place 
immediately. The same reduction also occurs if the solution of the 
formate was so dilute that no precijiitate was jiroduced, or if free 
formic aiud was present. It does not occur, however, in the presence 
of ammonia in excess, and it is also jirevented by the presence of 
small quantities of chlorine ion (H. Siiltzer-). The reaction is 
based on the fact that two formate ions. whih‘ losing their negative 
charge, are converted into carbon dioxide and formic acid, whereby 
naturally an equivalent quantity of silver ion must lose its jiositive 
charge : 2H.CO(y-h2Ag- = 0 O 2 -bH*COOII+ 2 Ag. 

5. Mercurous nitrite solution produces no ])rccipitate in free 
formic acid, but in solutions of alkali formates it yields a glistening 
white, sparingly soluble precipitate of umeurous formate, 
(HX)00)2Hg2. Owing to the separated mercury, this precipitate 
soon becomes grey ; comjilete reduction takes place after long stand- 
ing, even in the cold, but immediately on heating, whereby carbon 
dioxide and formic acid are also formed. As in the case of the silver 
salt, the reduction takes place even when the liquid is so dilute 
that the mercurous formate remains dissolved, or if free formic 
acid is present. 

^ Ber., 46 , 3144 . 


* Zeitsch. angew. Cham., 25 . 1273 . 
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6. On heating an aqueous solution of formic acid or of an alkali 
formate with several tijucs its quantity of m6rcuric chloridC, a 
precipitate (jf mercurous ehhridc is obtained; 

II.COO' +L>Hg- • hii -f CO. -f Hg.CC +2(1' 

for example- - 

H.COONa |- 2 HgCl.-Hg 2 Clo+COo f-Na(1+HCI 

The presence of large quantities of free hydrogen ion. c.g. free 
hydrochloric, acid, j)revents the reaction ; in such cases, however, 
it takes place on the addition of a corresponding quantity of sodium 
acetate. Such an addition may also !)(> recommended to check the 
dissociation of the add liberated on the reaction. 

7. On heating ililiite formic acid with an excess of lead ojule, 
the latter will partially dissolve (the Inpiid will show an alkaline 
rcHclion) When the solution, if necessary concentrated by evapora- 
tion, is v,oo\Jead formafe^ (H.CO()).JM). scjiarates in glistiming rods 
or needles, which arc jiracticallv insoluble in alcohol. (Distinction 
from acetic, acid.) 

8. Whim heated with concentrated suljdiunc acuL formic acid 

or a formate decomjioses (without a blackening of the liquid) into 
waiter and carbon monoxide, wdiich (scajics wnth eilcrvescence. and 
w'hcn ignited burns with a blue dame. The sulphuric acid effects 
the comjdete decomjiosition of formic acid : H.('(J(.)I1 CO. 

On heating formates in a distillation ajqiaratus with dilute 
sulpluiric acid, free formic acid is obtained in tli<‘ distillate, and may 
generally be rec,ognised immediately by its odour; on heating it 
with a mixture of concentrated sul[)huric acid and alcohol, the 
ethyl ester of formic acid is produced, which may be rei'ogniscd by 
its characteristic odour, reminiscent of t hat of brandy. 

9. On gradually treating a very dilute solution of formic acid 
or of a formate (previously treated with half its volume of hydro- 
chloric acid) in a small covered tlask w ith a few dcgniis. of magnesium 
turnings, the formic acid is reduced U) form((ld.e/iifde (H. J. H. Fenton 
and H. A. Sisson ^). The latter may be identified by boiling rajmlly 
for a minute 5 c.c. of the clear Ihjuid, decanted after two hours' 
action, in a good-sized test-tube with 2 c.c. of milk and 7 c.c. of 
hydrochloric acid of s]). gr. 1'12, to every 100 c.c. of which 0‘2 c.c. 
of a 10 per cent, ferric chloride solution has been added. In the 
presence of formaldehyde a violet coloration will a})pear. A jire- 
liminary test should be made to determine whether on the one 

‘ Chon, Zenir., 11)08, 1., p. 1370. 
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hand the milk is free from formaldehyde and, on the other, whether 
it will show the reaction on the addition of a very small quantity 
of formaldehyde. Large quantities of formaldehyde influence or 
prevent the colour reaction. 

10. With regard to the microchemical detection of formic acid, 
see Haushofer, p. 68 ; Behrens, Vol. d, p. 21. 

8 kc. 144. 

(b) Acetic acid, CH3.COOH (Acetate ion, CII3COO'). 

1. Acetic acid is known in the form of transparent, flaky crystals, 
whic-li melt at -|-16‘6° to a colourless liquid with a characteristic 
penetrating odour and a very acid taste {(jlacinl acetic acid). I’his 
boils at 118'l°and volatilises in the form of inflammablo vapours, 
which burn with a blue flame and emit a penetrating odour. Acetic 
acid is miscible with water in all proportions. Such mixtures are 
inaptly called acetic, acid. Acetic, acid is a very weak acid (dis- 
sociation constant 1.8.10 at 25' ); its aqueous solutions only 
undergo slight hydrolysis. It may ])e c.ompletely exja'lh'd from 
dilute a(pieous solutions without difliciilty by means of distillation 
in a current of steam. Acetic acid also dissolves in alcohol. It 
is fairly stable towards potassium permanganate both in acid and in 
alkaline solution. 

2. Acetic acid salts (acetates) arc decomposed on ignition. The 
alkali salts and other salts with strongly positive metal ions yield 
mainly acetone, CTI3.CO.CH3, and carbon dioxide, which, according 
to the nature of the metal ions, combines with them to form car- 
bonates, or escapes. In the case of salts with weakly basic metal 
ions a large portion of the acetic acid escapes undecomposed. Tdie 
residues mainly contain carbon. Nearly all the. acetates are soluble 
in water and dilute alcohol ; most of them dissolve readily in water, 
and only a few dissolve with difliculty. The acetates are dissociated 
to a normal extent in acjueous solutions ; the concentiated solutions 
‘of^ alkali salts are appreciably hydroliscd and show an alkaline 
reaction towards litmus. On heating acetates with dilute sulphuric 
or phosphoric acid in a distillation apparatus, free acetic acid is 
obtained in the distillate. 

3. On adding ferric chloride solution to dilute acetic acid and 
almost neutralising the acid with ammonia solution, or on mixing 
the neutralised solution of an acetate with ferric chloride solution, 
the liquid assumes a very dark red colour, which may be attributed 
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to tlic foritiation of tho coi)i}>lcx cation of a hcxacdolrifcrric base, 

HI 

[(0113.000)0^63(011)2]' (R. R. Weinland and E. Giissmanni). 
When boiled the solution becomes colourless if acetate is present in 
excess, whilst all the iron, whether in the form of other complex 
salts or as a basic ferric acetate, is prccij)itated in brownish-yellow 
flakes. Ammonia solution ])recipitates all the iron from the red 
s(dution as hijclroxuk ; the red liipiid becomes yellow on the addition 
of hydrochloric acid. (Distinction from thiocyanogen ion.) 

4. Solutions of neutral acetates, but not free somewhat dilute 
acetic acid, give with aiber nitrate solution a crystalline white pre- 
cipitate of Silver acetate, Cdb^.COOAg, which dissolves with difficulty 
in cold water (one ])art in 97'7 parts of water at 25*^).^ 

It dissolves more readily in hot water, and when the solution is 
cool separates in the form of very fine crystals. Ammonia solution 
I’eadily dissolves it ; free acetic acid does not increase the solubility 
in water, but free nitric acid does. The precipitate is not redueeil 
by the method described for silver formate in Sec. 143, 4. (Dis- 
tinction from formate ion.) 

5. Mercurous nit 1 ate solution })roduces in acetic acid, cs])ecially 
if dilute, and still more readily in aiietate solution, a scaly crystalline 
white precipitate of mereurous acetate. (CH3.(!00)2Hg2, which dis- 
solves with difliculty in the cold (I part in 133 parts of watcT at 
12"' to 15“), but easily in excess of the precipitant. 

It dissolves when heated with water, and when cool is re- 
])reci[)itated in the form of small crystals. The mercurous acetate, 
however, is jiartially dec.om])os<*d hereby, nu^rcairy separates in 
metallic form and imparts a grey coloration to the preci])itate. If 
dilute acetii; acid is us(‘d for boiling instead of water, the (piantity 
of metallic mercury which scjiarates is exceedingly small. 

b. Mercuric chloride when heafr'd with acetic acid or the solution 
of an acetate does not produce a precipitate of mercurous chloride. 
(J)istinction from formic acid.) 

7. If dilute acetic acid is heated with an excess of lead oxide, 
jiart of it dissolve.^ as basic lead acetate. The liquid shows dn 
alkaline reaction and does not form crystals on cooling. 

8. On heating acetates with concentrated sulphuric add, acetic 
acid is evolved, and may be recognised by its pungent odour. If 
the salts arc heated with a mixture of approximately equal volumes 
of concentrated sulphuric acid and alcohol, the ethyl ester of acetic 

^ Xcilsch. ail organ. Chew., 66 , 157 . 

“ M. Armstrong and .1. Vargas Kym, Chem. Zenir., 11)13, I., 1803. 
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acid is evolved, CH 3 .COO(C 2 H 5 ) ; its eliaracteristic pleasant odour 
is particularly noticeable when the slightly cooled mixture is shaken, 
and consequently scarcely ])ermits of an error, or at least less seldom 
than does the pungent odour of the free acid. 

9. Solid alkali acetates, when heated with about an equal 
quantity of arsenic trioxide in a test-tube, yield a very poisonous 
gas with an exceptionally characteristic repulsive odour, cacodyl oxide 
(alkarsine, dimethylarsenic oxide) : 

4('H3.C00K+As203-=l((dl3)2As)o0-f2K2C03+2C02 

The reaction is very sensitive and for the sake of safety should 
be carried out with small quantities. 

10. With regard to the mkrochemical detection of afu'tic acid, 
see Haushofer, p. Tb ; Behrens, Vol. 4, p. 24. 

8ec. 145. 

Summary and Remnrh, 

1. A general tc.st for tli(‘ acids of the second group is made by 
adding ferric, chloride solution to the a.(jueous solution which has 
been rendered neutral towards litmus. If only one organic acid or 
its anion is })resumed to be present, the result of the reaction enables 
conclusions to be drawn at once as to the. nature of the acid. A 
flesh-coloured ])reci])itate indicates benzoic acid, a violet coloration 
salicylic acid, and a reddish-brown coloration formic or acetic acid, 
wldch may be distinguished from one another by their bidiaviour 
towards mercuric chloride (See. 143, G) or their beliaviour when boiled 
with sulphuru! acid and alcohol (Sec. 144, 8). It should, of (iourse, 
be noted that the organic acids of the .second subdivision of the first 
group, as also thiocyanogen ion, also show a reaction with ferric 
chloride ; the absence of the. former must, therefore, if necessary 
be determined by their behaviour towards calcium chloride. 44ie 
absence of thiocyanogen ion may be determined by the fact that 
the reaction disappears on the addition of hydrochloric acid. 

, 2, If several acids of the second group as well as those of the first 
group are to be taken into consideration, the following course may 
be recommended, (a) The formic acid and the acetic acid are 
first expelled by distillation in a current of steam from the solution i 

1 If during acidification any cinnamic, benzoic, or salicylic acid is pre- 
cipitated (c/. »Sec. 130, 2, p. 514), it should be. removed by means of filtration 
before distillation to prevent its being carried over with the .steam. 'J'he ethereal 
solution of the scjiarated portion should then be added to the ethereal extract 
of the distillation residue subsequently obtained. 
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(sufficiently acidified with sulphuric acid and so dilute that any 
salicylic or benzoic acid present is not expelled in any considerable 
quantity), and benzoic acid and salicylic acid then extracted from 
the distillation residue by shaking it once with an equal volume of 
ether. In this way any cinnamic acid present is dissolved by the 
ether, and must therefore be taken into consideration in the further 
course of the examination. 

(6) The distillate obtained may contain, in addition to formic and 
acetic acids, still higher fatty acids (cf. Secs. 146 and 147), and also 
volatile inint'ral acids (hydrochloric acid, nitric acid), if the corre- 
s])onding anions were ])resent in the original material. Sulphate 
ion may also be reduced to sulphur dioxide by many organic sub- 
stances in the course of the distillation, and will then be present in 
the distillate as sulphurous acid. To avoid this, phosphoric acid 
solution may be used in such cases inst<‘a.d of sulphuric acid for 
acidilication prior to the distillation. 

The distillate is treated with pure sodium carbonate in excess, 
strongly concentrated (when disturbing volatile substam^es such as 
aldehyde, etc,, will escajie), and then submitted to further testa. 
When distilling with steam, instead of introducing the steam charged 
with the volatile substances directly into the condenser, it may be 
allowed to pass through a flask containing calcium carbonate sus- 
])ended in water, and finally the liquid containing the calcium 
formate and calcium acetate is filtered from the excess of carbonate 
(H. Fincke i). (a) The final detection of formic acid is effected by 
testing the behaviour of the solution, obtained by either method , towards 
mercuric chloride or by reduction to formaldehyde {8ec. 143. 6 and 9). 
KSulpliurous acid or .salicylic acid may have a disturbing influence 
in the first process, the former because it also reduces mercuric 
chloride, and the latter because with mercuric chloride it gives a 
pro(!i])itate of mercuih'.-salicylic acid (Sec, 142, 8). The latter 
difficulty may be overcome by adding sodium chloride before the 
reduction, as this retains the mercuric-salicylic acid in solution ; 
the former by allowing the concentrated neutralised distillate pr 
the filtrate from the calcium carbonate to stand for about 4 hours, 
at the ordinary temperature (before starting the reduction test), 
with about 1 per cent, sodium hydroxide .solution and a few c.c. of 
3 per cent, hydrogen peroxide ; precipitated mercuric oxide stirred 
up with water is then added to destroy the excess of hydrogen 


^ Zeitsch. Vnters. Nahr. (Jenuss.^ 21, 1 26, 386. 
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peroxide, and, after half an hour, the liquid is filtered (H. Fincke i). 
(j3) The detection of acetic acid in the residue from the evapora- 
tion of the neutralised distillate is eSected as in Sec. 144, 8. If 
acetic acid is to be detected in the presence of formic acid, it is 
advisable to eliminate the latter beforehand by oxidation with 
chromic acid, whereby water and carbon dioxide are formed, whilst 
the acetic acid is not attacked. The not too concentrated neutral 
solution is boiled for 10 minutes beneath a reflux condenser with 
r5 times its volume of a solution of 12 grms. of potassium dichromate 
in 30 c.c. of concentrated sulphuric acid and 100 c.c. of water, then 
re-distilled in a current of steam, and the distillate tested for acetic 
acid (D. S. McNair,^ P. Schwarz, and 0. Weber ^). 

(y) The detection of formic acid in substances containing sugar 
cannot be carried out by the method des(Tibed, since, in the c(mrse 
of distillation in the presence of acid, formic acid is formed from 
the sugar (Malaguti^) and will consequently be found in the dis- 
tillate, even if it was not originally a constituent of the substance 
under examination. For the purpose of testing for formic acid, 
liquids containing sugar should be acidified with sulphuric acid and 
shaken twice with an equal volume of ether, which will dissolve, 
if not all, at least a considerable quantity of the formic acid and 
acetic acid. The combined filtered ethereal extracts are sliak(m with 
alkaline water, the latter acidified with sulphuric acid and distilled 
in a current of steam, and the distillate tested for formic acid and 
acetic acid (W, Fresenius and L. Griinhut). The distillation residue 
will contain the acids of the first sub-group, as also cinnamic acid. 

(h) The ethereal extract of the distillation residue, obtained by 
the methods described above, will contain any benzoic a<^ id, salicylic 
acid, and cinnamic acid, and these may be separated from it by 
means of careful evaporation, either in the form of a solid substance 
or as an aqueous solution by adding water prior to the (evaporation. 
The following reactions may serve for the final identification of the 
isolated acids : Mohler’s reaction for benzoic acid (Sec. 141, 9), 
the colour reaction with ferric chloride for salicylic acid (Sec. 142, 7), 
and precipitation with solutions of manganous salts and oxidation 
to benzaldehyde for cinnamic acid (Sec. 139, 3, 7). These reactions, 

* Zeitsch. Unters. Nahr, Oenufts,, 21, 14. See also Ibid., 22, 94, where 
Fincke gives a survey of the behaviour of niimerou.s other organic acids 
towards mercuric chloride. 

* Zeitsch, anal, Chem., 27, 398. 

3 Zeitsch. Unters. Nahr. Oenuss.^ 17, 104. 

* Liebig's Ann. d. Chem., 17, 69. 
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however, are not easy to rccoguise when several of the acids iiien- 
tioned are present simultaneously. Benzoic acid can only be 
recognised unmistakably in the presence of salicylic acid, and 
cinnamic acid by means of reduction to benzaldehyde (Sec. 141, 8) ; 
in the presence of cinnamic acid, but in the absence of salicylic 
acid, tue most trustworthy reaction for benzoic acid is that of Jonescu 
(Sec. 141, 10). 1 The best method of detecting salicylic acid in the 
presence of cinnami(i acid and benzoic acid is Millon’s reaction 
(Sec. 142, 8). 

The great resistance of benzoic acid towards the oxidising action 
of ])ota8sium permanganate may be utilised with advantage for 
the detection of this acid in the presence of salicylic acid, and after 
the salicylic acid has been destroyed by oxidation, the benzoic acid 
may be isolated by means of sublimation and then identified. 
Further directions for this test have been given by E. Polenske.2 
It should be noted that any cinnamic acid present will })e oxidised 
to benzoic acid under the conditions of this test, and will then be 
found in that form. 

The, reaction for the detection of salicylic acid by means of 
ferric chloride is influenced by the presence of numerous organic 
acids, especially hydroxy acids (Sec. 142, 7) ; even the small 
quantities of lactic, tartaric, and citric acids which, when the liquid 
is shaken with ether, are extracted from it, produce under certain 
conditions a yellow colour reaction instead of the violet one which 
was anticipated ((). Langkopf,-^ F. Garni ■*). In all cases in which 
the presence of the acids mentioned has to be taken into considera- 
tion, a mixture of equal parts of ether and petroleum spirit of low 
boiling point ^ should be used, instead of ether, as an extraction solvent 
for the deten tion of salicylic acid. In the ajialysis of wine, the 
disturbing influence of tannin is obviated by this method, since it 
would be extracted to a considerable extent by ether, and then would 
give green to black colorations with ferric chloride solutions. If, 
however, in the analysis of wine a blackish, bluish-green, or dirty 
green colour should still appear in testing the extraction residue 

* C. von der Hoido and J. Jacob, Zeitsch. anal. Chein.^ 63, 400. With regard 
to further processes for the separation of benzoic and cinnamic acids, see 
A. W. K. de Jong, Cimn. Zenir.y 1910, 1., 479 ; for the separation of benzoic 
and salicylic acids, J. fcjchaap, Zeitsdi. mtal. (Jhem., 32, 107. 

* Zeitsch. anal. Chem., 62, 390. 

Ibid., 42, 457. 

4 Ibid., 47, 780. 

® D. Vitali, Zeitsch. anal. Chem., 47, 781, recominends the use of toluene for 
the same purpose. 
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with ferric cliloi'idt' solution, the li([uid should be treated with a 
few drops of sulphuric acid, diluted with water, and again extracted 
by shaking with a mixture of ether and petroleum spirit. 

The so-calI(‘d maltol,i a substance which is found in black malt, 
occasionally also in beer worts and in beer, behaves towards ferric 
chloride solution in the same way as salicylic acid, and dissolves 
simultaneously in the last-mentioned extraction solvent. When 
the presence of maltol is to be taken into account, the reactions of 
Millon and of .Jorissen should be used as distinctive tests for the 
identifieation of salicylic acid (Sec. 142, 8 and 9). 

(c) If the examination extends not only to the acids of the second 
group already dealt with, but also to propionic, butyric, and lactic 
ncuU, the two first should be looked for in the distillate containing 
formic and acetic acid, according to the directions given in Secs. 14G 
and 147. Lactic acid, on the other hand, will be found almost 
quantitatively in the distillation residue shaken with etlier. This 
residue is shaken a second time (this tinun however, with only 
half the volume of ether) in order to remove any further traces of 
cinnamic. a(‘id or of the acids of the first division. If the liquid 
which has thus been shaken is subjected to cohtinuous extraction 
with ether for some hours in a suitable ap])aratus, lactii; acid is 
obtained. If succinic acid and oxalic acid are present, they mix 
with the lactic acid : if the extrnction is continued too long, malic 
acid, and finally even citric and tartaric acids. ])ass into the ether 
extract.^ The extract should then be tested for lactic acid as 
described in Sec. 149. 

(d) If the analytical examination is to be extended to all the 
organic acids of the first and second groups, the anions of the first 
group may first be jirecipitated from the solution under examination 
in the presence of ammonium chloride and ammonia by means of 
calcium chloride solution 7vith the addition of alcohol, and the ])re- 
cipitate then tested as in Sec. 140. If the main (juantity of cinnamic 
acid has not previously been precipitated with hydrochloric acid 
considerable portions of the cinnamylate ion remain in solution, 
owing to the solubility of calcium cinnamylate in alcohol, and must 
be taken into consideration in connection with the acids of the second 
group. The filtrate from the precipitated calcium salts is tested for 
these acids (after being evaporated on the water bath) according to 

1 J. Brand, Zeitsch. ami. Chem., 36, 67 ; H. C. Sherman and A. Gross, 
Ibid., 62, 121. 

2 N. Schoorl, Zeitsch. angev). Chem., 13, 307. 
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the details given in this section. As a rule, however, it is more con- 
venient to test separate portions of the mixture under examination 
according to Sec. 140 for the acids of the first group, and according 
to this section f(»r the a(uds of the second group. See also Sec. 176 
(184). 


Members of Rarer Occurrence of the Second Group of 
Organic Acids. 

Sec. 146. 

1. Propionic acid, C'oHs.COOIl (Propionate ion, C 2 H 5 COO'). 

Propionic acid is formed under very varied conditions, as, for example, 
in fei-nu'uted liquids as a fermentation product of certain bacteria. It is 
a colourless liquid with a peiu'trating and a strongly aeJd taste. This 
hquid IS miscible with water in all juoportions, solidifies in a freezing 
mixture, and then melts at -22\ It boils at 1 140-7'’’. It is as weak an 
acid as acetic acid (clissoeiation constant 1.4,10“^ at 25°). It may be 
“ salted out " from its aipieous solutions by idiosphorie acid or by calcium 
chloride in the form of an oily layer ; it volatilises undecomposed, and may 
bi' completely expelled without diftieulty in a current of steam, oven from 
its fairly dilute! aqueous solutions. It is oxidised by potassium per- 
manganate in acid solution to acetic acid, and in hot alkaline solution to 
oxalic acid and carbon dioxide (E, Przewalsky ‘), The propiovic acid 
salts (propionates) are, on the whole, readily soluble in water, especially 
the ('nlciuni salt ; silver salt dissolves with difliculty (1 part in 111) parts 
of wati'r at 18°). Propionate ion behaves like acetate ion towards ferric 
ion ; the pro]aonates give a reaction w'ith arsenic trioxide .similar to the 
cacodylic n'action (8ee. 144, 9). For th(‘ microchemical detection, see 
Behrens, Vol, 4, p. 27, 

8ec. 147. 

2. Normal Butyric acid ( yiy.tJOOH (M-Butyrato ion, C;^H7.C()0'). 

Nornnd. hutijric arid is found in a few- fats (cow’s butter), and also in 
animal and vegetable substances, but especially in tlie fermentation 
products of certain specitic bacteria (butyric acid bacteria). It is a colour- 
less liquid with an unpleasant rancid odour when dilute, and an odotir 
similar to that of acetic acid when pure. It solidifies in Hakes at —19°, 
and melts at -7-9°. It boils at -f 163-5°. Its strength is similar to that 
of accti(' acid (dissociation constant 1.5.10“ ^ at 25°). It is miscible with 
w ater, alcohol, and ether in all projiortions. Like propionic acid it may be 
“ salted out ” from its aqueous solutions by means of calcium chloride 
as an oily layer ; it volatilises undecomposed, and may be completely 


' ./, prakt. C’/icw., N. F., 88, 500. 



540 BEHAVIOUR OF SUBSTANCES TO REAGENTS cii. ii 


expelled witliout difficulty from dilute aqueous solutions in a cuiTent of 
steam. It behaves like propionic acid towards potassium ftermanganate, 
except that in its oxidation in alkaline solution propionic acid is formed 
in addition to oxalic acid (E. Przewalsky). Most of the normal butyric 
salts {n-hufyrates) are also soluble in water, especially the calcium salt. 
The latter dissolves with more difiiculty in hot than in cold water (1(X) parts 
of water dissolve 19‘8 parts of salt containing water of crystallisation at 
15° ; ]6‘5 parts at 60° ; and 17'4 parts at 100° (0. Hecht ^), so that a 
cold saturated solution becomes turbid on boiling, and clear again when 
cooled. The silver salt dissolves with difficulty (I part in 200 parts of 
water at 14°). Butyrate ion behaves in a similar manner to acetate ion 
towards inercurous nitrate {or chloride) solution (Sec. 144, 5). On the 
addition of ferric chloride solution to the solution of an alkali butyrate, 
a yellowish- brown precipitate, which is bright red in the case of con- 
centrated solutions, is formed, its separation being accelerated by heating 
or shaking. Free butyric acid does not give a precipitate with feme salts. 
For the microchemical detection, see Behrens, Vol. 4, p. 28. 

Bec. 148. 

Summary and Rcmarh on Rarer Oryanic, Acids. 

The certain defectum of these and other higher fatty acids is hardly 
possible within the limits of the ordinary chemical-analytical methods, 
especially by means of precipitation reactions, and as a rule further methods 
have to be borrowed from the technique of organic chemistry. According 
to E. Duclaux a differentiation in pure aqueous solutions may be based 
on the relative proportion of the acidity of the individual fractions to om* 
another obtained by fractional distillation. As a method of distinction 
H. Agulhon ^ makes use of the behaviour of a solution of the sodium salts, 
treated with cupric sulphate solution, towards various organic extraction 
agents, i.e. the colours wliich the latter assume. 

For the separation of individual fatty acids from one another the 
processes of fractional distillation, fractional i^recipitation, and fractional 
crystallisation, in suitable combination with each other, are usually em- 
ployed, but frequently the quantitative analysis of the silver salts is used 
as well. By such methods, for example, Scherer ^ tested the mineral 
springs at Bad Briickenau, and R. Fresenius the sulphur spring at 
Wpilliach, for the fatty acid anions present in them. 

E. Linnemann ® des(*ribed the following process for the separation of 
propionic acid from acetic and formic acid. If a mixture of these tlireo 

^ Lkhufs Ann. d. Chem., 213 , 72. 

“ Ann. de chim. et phys., 5 ser., 2 , 289 ; Ann. dc VInslilut Pasicnr, 9 , 265. 
CJ. also A. Stein, J. prakt. Chem.^ N. F., 83. 

^ Chem. Zentr., 1913, II., 86. 

* Liebig's Ann. d. Chem., 99 , 262, 267, and 279. 

® ./. prakt. Chem., 70, 15. 

* Liebig's Ann. d. Chem., 160 , 223 . 
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acids is evaporated to dryness with water and excess of lead oxide, cold 
water will extract from the residue practically only a btisic lead propionate, 
which, on heating the filtered solution, is precipitated in the form of crystals, 
with the composition (C 2 H. 5 C 00 )<jPb 704 . J. Schiitz ^ points out that in 
such a pi-oeess under certain conditions the greater portion of the acids 
must pscapo during evaporation with lead oxide, owing to hydrolytic 
dissociation of the lead salts, and consequently bo lost 

Sec. 149. 

3. Lactic acid, CH3.CH({)H).C0011 (Lactate ion, Cyi4(OH).CO()0. 

Lnclic (icid - {a-hfdroxy'propionic mitU (ihylidinc kirlic acid) is known 
in threii st'rcoisomeric forms : (/-lactic acid or paralactic acid {f\g. as 
contained in the fluid of tlio muscular tissue), /-lactic aiud, and “ racemic,” 
inactive (d |-/)-lactic acid. Tlie last is the so-called ordinary or fcrnmitaiion 
lactic arid ; it is produced by fermenting sugars with specific bacteria, 
and is found in sour milk, sauerkraut, sour hay, and in beer. It is present 
in wine as the product of bacterial decomposition of malic acid. The three 
forms are distinguished from one another only by their optical behaviour 
and by the solubility of soini! of their .salts ; their reactions are the same. 
The structurally isomeric ethylene lactic arid {^-hydroxy propionic arid), 
CH^lOlll.ClI^.f'OOH, is quite different from them. 

Lactic acid is a syiup, which dissolves with difhculty in ethei', and is 
miscible with water and alcohol in any proportion; it docs not .solidify 
at —24 ’, and only Ixals without decomposition at a very reduced pressure, 
it volatilises w ith steam only slightly in dilute .solutions, but to a greater 
extent in solutions conijcntrated to the consistency of .syriqi. It is a some- 
what stronger acid than succinic acid and acetic acid (dissociation con- 
stant 1.34.10 ^ at 25’). It can be extracted onl^y to a comparatively 
slight degree from its aqueous solutions by shaking with ether, but, on the 
otlier hand, may be almost completely expelled w ithout difliciilty by means 
of continuous extraction with idher. When lieaU'd at 140’, or when 
allowed to stand in tlie cold, and also wlu'n kept for some time in aqueous 
solution, lactic acid changes more or less into lactic anhydride (dilactilic 
acid), C'lfy.CH{()H).(,’00.(!H((’H3).COUH, and into laclidc : 
t'lIaCH.CO.O 


O.CO.LH.CH^ . . 

It is, therefore, necessary for the analytical detection of lactic acid in not 
quite fresh solutions to rc-eonvert these compounds into lactate ion by 
boiling them with an excess of alkali. In the oxidation of lactic acid with 
nitric acid, oxalic acid is formed ; with chromic acid, acetic acid is obtained ; 

1 Ze.ilsch. anal. (Jhem., 39, 18. 

“ Lactic acid doe.s not really belong to tho “ rarer ” acids in the literal sense 
of tho heading to Mec. 1 1(), It i.g dealt with liens however, for lUdactic reasons, 
owing to tlio insulHciency of its analytical-chemical characteristics. 
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with potassium permanganate in acid solution, acetaldehyde ; in neutral 
solution, pyrotartaric acid ; and in alkaline solution, oxalic acid. 

2. Most of the lactic acid salts {lactaies) are soluble in water to an ap])rc- 
ciable extent; only the basic, stannous lactate^ [CH 3 .CH( 0 H).C 00 t?nJ 20 , 
is practically insoluble, and on mixing an acid stannous chloride solution 
with sodium lactate solution is precipitated as a crystalline white powder 
(H. Engelhardt and R. Maddrcll ^). 

3. On treating a solution of 0‘4 grin, of phenol in 30 c,c. of water with 
one drop of ferric chloride solution, and adding a solution containing 
lactic acid, the fine blue colour of the reagent will change to yellow 
(Uffehnann -). The reaction dept'iuls possibly on the formation of a 
coloured hexalactotriferric base (0. (’aleagni ■’). Oxalic, tartaric, citric, 
malic, and formic acids give similar reactions ; the reaction is iiitluenced 
by free hydrocliloric acid, phosphoric acid, carbonic acid, fatty acids, and 
salicylic acid, and is masked by thiocyanogen ion. 'L’he reaction becomes 
more distinct if Utfelmanirs amethyst-bliic reagent is fiist shaken with 
ether. By this means it is decolorised ; on the addition of the smallest 
quantity of lactic acid the yellow coloration appears (H. Fiith and 
G. I.K)ckemann '*). In this process phenol does not take jiart in the actual 
reaction ; the yellow coloration is therefore also obtained when lactic acid 
or lactate solutions arc added to a ferric chloride solution fri'shly diluted 
until practically colourless (Boas •'*), or wdien a salicylic acid ferric chloride 
solution is used instead of the phenol ferric chloride solution (H. Kiilil '*). 

4. On heating 5 c.c. of lactic acid (dissolved in 10 c.c. of water) or a 
coiTesponding quantity of a lactic acid or lactate solution with 5 c.c. of 
concentrated sulphuric acid in a small distillation flask, it is decomposed into 
acetaldehyde and formic acid : ('H 3 ('ll(()H).GOOH CHj.t.'lIOi H.COOll. 

The former may be detected in the distillate by means of amwoniural 
silver solution, the latt(*r by mercuric chloride solution (Sec. 143, 6) 
(T. Gigli). A process depiaiding on the colour reactions of the acetaldehyde 
formed has been described by G. Deniges,’ 

5. On rendering b c.c. of a weak lactic acid or lactate solution strongly 
alkaline with sodium hydroxide solution of about 10 jier cent, strength, 
lioiling it for a few minutes and, after removing the llami', adding 1 to 2 c.c. 
of a reagent which is prepared by adding 5 grins, of mcthylarninc ® to the 
filtered solution of 1 grin, of iodine in 50 c.c. of 1 per i^ent. potassium 
iodide solution, a very distinct repiil.sive odour of isonitrilc wib soon be 
produced. The reaction is very sensitive ; it depends on the fact that the 
lacjatfi ion is first converted by iodine into formate ion and iodoform, and 

* Lichiy^ft Ann. d. C/um., 63, f>7. 

* Pharm. Zeniralh., 28, 582 . 

* Chem. Zentr., 1913 , 11 , 1457 . 

^ Ibid., 1900 , 1 ., 1452 . 

® Pharm. Zeniralh., 29, 323 . 

* Zeitsch. anal. Chem., 50, 55 , 595 . 

’ Ibid., 189 . 

® The n^agent should be kept in a blue bottle with a ground-in stopiicr and 
protected from the light. 
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then the latter by the methylamine into methylisonitrile (methylcar- 
bylaniine) : 

1. CH3.CH(0H).C00' f40H'+3l2=2H.C00^+3r+CHl3 hSH/) 

2. CHl3-f30H'+CH3.NHa=3IM CHj.NC l-SHgO. 

Many subatancea which also yield iodoform, and consequently might 
bo confused with lactic acid, can be removed by means of distillation before 
starting the reaction (A. Ch. Voiimasoa ^). 

W. C'roner and W. Cronheirn ^ replace the methylamine in this test by 
aniline, so that linally instead of rnethylcarbylamine, phenylcarbylamine, 
C3H5.NC, which has an equally repulsive odour, is formed. 

6. With regard to the mieroclieraieal detection, rf. Behiens, Vol. 4, p. 45. 

7. 'rho analytical detection of lactic acid is rendered considerably 
more difficult by the fact that not one of the reactions mentioned is really 
specific. To detect lactic acid with certainty, it must always be isolated 
as an individual substance and identified by <juantita(ive methods. Such a 
pjocedure is, however, of course only possible if the quantities of lactic 
acid in question are not too small, 'fhe separation is best based on the 
special degree of its solubility in ether, and on the fact that barium lactate, 
in contrast for instance to barium succinate and barium oxalate, is soluble 
in strong alcohol ; the identification is then based on the properties of the 
zinc sail. The solution to be k'sted for lactic acid should, therefore, first 
bo acidified with suliihnric acid and any readily volatile acids present dis- 
tilled from it in a current of steam, the readily soluble acids in it then shaken 
with a comparatively small quantity of ether, and finally the lactic acid 
extracted by ether. The ethereal extract obtained is evaporated in the 
presence of water with repeated shaking at a gentle heat, and the residual 
aqueous solution neutralised by means of barium hydroxide. Any excess 
of barium ion is preeipitat-cd by the introduction of carbon dioxide into 
the boiling liquid. 'I’he solution of barium salts is concentrated and treated 
with three times its volume of strong alcohol (separation from oxalic acid 
and succinic acid). Th(‘ liquid is filtered, the alcohol evaporated from the 
filtrate, the residual barium lactate decomposed with sulphuric acid, and 
the extraction with ether repeated. The extract is again evaporated with 
water. Under certain conditions the process may be simplified ; for 
instance, it may be possible to begin with the preparation of the barium 
salt, 01 ', on the other hand, the firat extraction may suffice. 1’hc solution 
containing the lactic acid finally obtained is boiled with zinc carbonate 
beneath a reflux condenser and the zinc lactate obtained by crystallisation, 
and then quantitatively analysed. The properties of the zinc salt^afterd 
a means of (Hsfin^juishing hetman fermentation lactic acid and para-lactic 
acid (d-lactic acid). The zim^ salt of the fermentation lactic acid crystal- 
lises with three molecules of water of crystallisation, (C3H603).,Zn+3H20, 
and dissolves in 53 parts of water at 15° ; that of para-lactic acid crystallises 
with 2 molecules of water (U3H5()3)2Zn-l-2HoO, and dissolves in 17*5 parts 
of water at 14° to 15°. 

* Zcitsch, arujew. Chein,^ 16, 172. “ Chem Zenir,, 11K)6, II., 988. 
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SYSTEMATIC COUKSE OE QUALITATIVE CHEMICAL 
ANALYSIS 

INTJiODUCTJON 

When the knowledge obtained by the study of the reactions of 
cations and anions is to be applied to the task of investigating the 
nature and composition of unknown substances, it is possible, in 
the case of a substance which is a])parcntly from its external 
properties a siin[)!e individual one (as, for example, calc spar or 
copper sulphate), to confirm the observation by a few reactiojis 
whether the substance is, in fact, what it was taken to be. But 
since in most cases the nature of substances cannot be recognised 
by their mere appearance, and there is seldom, therefore, certainty 
that an individual substance is present, it is generally necessary to 
make use of a systematic course. That is to say, it is necessary 
to adopt a definite plan of aj)plying the reactions in an appropriate 
sequence, in order that there may be certainty of discovering all 
substances which are iiresent or may possd)ly be present. 

If, in the hope of arriving more rajiidly at a conclusion, one 
departs from this systematic course, analysis, instead of being an 
investigation based upon a scientific foundation and leading to cer- 
tain conclusions, becomes mere guesswork, in which one frequently 
goes astray, on which much more time is spent than in the svsteniatic 
process, and in which there is no certainty that some substance or 
othei; has not been entirely overlooked or confused with another 
through the false interpretation of reactions. 

Obviously the known reactions of individual substances may be 
used in combination in different waj's in a systematic process, and 
according to the conditions the preference juay be given sometimes 
to one and sometimes to the other, in order to make the beginner 
conversant with the nature of the whole method of systematic 
qualitative analysis. 
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[n practice it is necessary, in order to avoid the risk of overlook- 
ing some substance or other, to follow the systematic course point 
by point and not to omit any parts of it arbitrarily, unless the 
process itself indicates that they need not be used in a particular 
case. Experience will show how to proceed in testing associated 
compounds or mixtures for imiividual substances or groups of 
substances, or how, in such cases, the process may be shortened. 

A description of analytical processes entails so many details, 
if no essential points are to ])e omitted, C8])ecially in the case of 
associated compounds, that it is easy to lose sight of the general 
outline. On the other hand, it is obviously necessary for intelligent 
work that the principle underlying the process, and the reasons 
why ])articular n'agents are used and used in the order given, should 
be made clear. Hence, in the separate stiiges of the ])roce.ss we have, 
generally prefixed the detailed description by an explanation of the 
fundamental |)rinciples of tin* process. In the case of as.sociated 
compounds w(‘ have added to this ex[)lanation m every instance a 
taliular summary (for the cations), hut give an exjiress warning 
against an attemjit to substituti' this for the thorough description 
in practical work. 

It is freipiently jiossible to conclude from exterhal conditions 
that the grouj) of substances to be taken into consideration is only 
a limited one, or that the presence of certain substances will render 
the general course more difficult to carry out, or make it inadvisable. 
In such cases it is expedient to alter the course accordingly. Under 
other conditions, as e.g. in th(‘. presence of colouring, gelatinous, or 
insolulile organic substances, the general course of analysis cannot 
always be dii'ccHy applied, but there must first bo a ])reliminary 
treatment to de.stroy or remove the disturbing substances. 

In order to give a comprehensive survey and to accustom the 
beginner to a definite method of working, a (M)urse of systematic 
analysis whi(-li has been tested by experience is given in the first 
chapter of this second part. This is restrict'd to tlu' cations and 
anions of more freipient occurrence, the reactions of which Imvo 
lieen described at length in the first part of this liook.^ It is so 
arranged that witli accurate oliservation the end may be obtained 
rapidly and certainly. The outline has been so chosen that the 
essential jioints to be observed in carrying out analyses, and those 
which must be taken into consideration to avoid errors, have been 

* For other processo.s or for alterations in this course in the case of raro 
suhstancc.o, reference may be made to the third chapter of tliis part. 

35 
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given in detail. Further explanatory notes and observations are given 
in the third chapter, so as not to interfere with the general survey. 
In all cases where difficulties occur, or in which the reactions observed 
do not agree with the anticipated results, it is advisable always to 
refer to the corresponding places of this part of the book. In fact, 
we recommend that only when the course has become familiar through 
practice in numerous analyses, and a comprehensive grasp been 
obtained, should attention be given to tliese supplementary notes. 

The first chapter is divided into the following parts : — 

1. Prebminary examination. 

2. Solution. 

3. Actual examination. 

The last is further subdivided into the examination of simple com- 
pounds, in which only one cation and one anion are present, and 
that of associated compounds, i.e. of such substances (mixtures or 
compounds) in which all the cations and anions dealt with in this 
course may be assumed to be present. 

The course relating to “ simple compounds ” is, strictly speaking, 
only of value as an introduction to the study of the subject, because 
in all practical cases it is never possible to be certain that several 
cations or anions are not present. It is, however, particularly useful 
for the purpose of gaining experience, as the conditions in connection 
with it are more simple. 

In order to give data how to proceed in cases such as one of the 
three special instances mentioned on p. 515, some of the more im- 
portant examples of frequent occurrence arc given in the second 
chapter, and the methods to be used in their analysis are described 
in detail. 

Finally, the third chapter has for its object the further explanation 
and amplification of the entire systematic process. These include — 

1. Special notes and additions to the process given in the first 
and second chapters. 

2. Directions inserted in smaller type how to alter or re-construct 
the^ process of analysis when it is necessary to take into consideration 
the presence of rare substances, 

3. Outlines of analytical processes based upon other principles, 
either that another group classification is adopted from the first, 
or that only individual groups of substances are separated in another 
manner. In the case of these other analytical processes, it has 
obviously not been possible to deal with the details of the process 
as fully as in Chapters I. and II. 



CIFAPTER f. 


PRA('Tit'AL Methods of the Generaj. Course. 

1. Preliminary Examination. i 

Tn tho first plaoo tfio oxtornal characteristics of the substance 1.2 
]ior(‘eptible to the senses are noted : colour, form, hardness, density, 
odour, etc., since it is often possible to draw conclusions from these. 

Before going further, it is advisable to take into account what 
quantity of the substance under examination is available, so as to 
decide from the first what amount can be spared for the preliminary 
examination. Reasonalile economy is necessary, even if large 
quantities ai’c available ; but the rule must be made, invariably 
to use only a portion of the substance for the examination, and to 
keep another [lortion in reserve, even though a small one, for un* 
foreseen emergencies and for (;onfirmatory tests. 

A. The Substance under Examination ls a Solid. 

Sec. 150. 

1. It is neither in the form of a metal nor of an alloy. 

(Jvncral 

The preliminary examination in this case consists in : 1. Finely 
])owdcring the substaiK^e under examination if necessary, 2. Deter- 
mining its behaviour when heated in an ignition tube, in which jiro- 
eess all possibilities from {a) to {h) are to be taken into consideratiTin? 
d. The phenomena on heating it in the reducing flame (a) to (c) 
and the flame coloration, if any. 4. These flame colorations are 
studied by means of fusion with phosphate beads. 

Since the substance under examination may be mixed with different 

^ Cj. the remarks in tho third chapter of tho second part, Nos. 1 to 6. 

® The numbers placed in the margin are iutendod to facilitate reference 
from one part of tho course to another. 
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kinds of substances, it is not always possible in the tests described 
below to give sharply-defined instances. If, in the experiments, 
phenomena appear which are due to a combination of two or more 
circumstances, the conclusions to be drawn must naturally be 
adjusted. 

Process in ikiail. 

2. 1. If the substance is in the form of powder or finely crystalline, it 

is suitable for examination ; but if it is larger crystals or in 
lumps, a portion of it must be finely ])ulverised, if possible. 
In the case of softer substances this can be done in a })orcelain 
mortar ; but harder substances are broken into smaller ])ieces 
in a steel mortar or on an anvil, and then ground in an agate 
mortar. 

3. 2. A smaU pnriio}) of the powder is heated in a snndl glass l}d)e 7 cw. 

long and o nun. wide, irhirh is fused at one end or has a small hull) 
blown upon it. (Ibnler certain conditions this ma)' be done 
upon a crucible lid or in a small basin, see* ('lia]). HI., No. 3 i). 
This should be done moderately at fir.st, subsequently strongly 
in a gas flame.- The resulting jihenomena ('nal)]e many con- 
clusions to b(‘ drawn with certainty, and others witli [iroliabilily 
as to the nature of the substance. Those to which tlu' principal 
attention has to be given are grouped together under tin' follow- 
ing headings, several of which freipiently refer to the same 
substance. 

(a) The substance remains unchanged. No organic substances, 
no salts containing water, no readily-fusible sulistances, 
no volatile substances (with the exce]ition of carbon 
dioxide, i.e. carbonate ion, since a percejitible alteration 
often takes place when the gas escajies), are present. 

4. (/.>) Tiw substance changes colour without melting at a nioderutc 

heulA A change from white to yellow, becoming white 
again on cooling, indicates zinc oxide or zinc suits ; from 
white to yellowish-brown, becoming dirty pale yellow 
" * on cooling, indicates tin oxide or ti^i salts ; from white or 

^ In referring to the marginal numbers of the third chapter, the prefix 
“ No.” is always used. 

* Cf. 8ec. 13 and >Soc. 19. 

® The significanoo of the change of colour needs caro in its interpretation ; 
thus the absence of a metal must not he inferred from the ahscnce of an altera- 
tion of colour, since although its .salts may show the particular change of colour, 
it depends upon the anion jirescnt whether or no it occurs ; for example, lead 
Bulphate remains unchanged on heating. 
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rcddish-yollow to brown-red, becoming yellow on cooling, 
fusible at red heat, indicates lead oxide or lead salts ; from 
white or pale yellow to orange-yellow or red-brown, be- 
coming ])alc yellow on cooling, fusible at strong red heat, 
nidicates bismuth oxide or bismuth salts ; fi'om wJiitc or 
yellowish- white to dark brown, remaining dark brown on 
coolii]g, indicat('s manfjayums oxide or uiamjayious salts ; 
tlu'se last colours becoming, as a rule, light reddish-brown 
on cooling, indicate cadmium oxide or cadmium salts; 
from light blue or bght green into ])lack, witJi the siniul- 
bmetius liberation of water, indicates cupric hydroxide or 
carbonate, and also the corresponding nickel compounds ; 
from greyish-white to black indicates ferrous carbonate ; 
from brown-red to black, bec-(uning browji-red again on 
cooling, indicates ferric ojtde ; fj’oni yellow to dark orange, 
fusible at a strong heat, indicates potassium chromate; 
from light red to dark red and then violet-black, l)econiing 
light red again on cooling, and yielding a sublimate of 
iiiercuiy on stronger ignition, indicates mercuric oxide: 
from light rc'd to brown, cooling to light re<i, indicates 
red lead, which, when strongly heated, yields a yellow fusible 
residue of hsid oxich*, etc. 

(c) The substance melts irithout emitiiny water vapour. Jf, on 5. 
stronger heating, a gas (oxygen) is evolved and a fragment 
of charcoal, thrown into it. burns w'ith violence, the pre- 
sence of nitrate or chlorate is indicated. 

[d) Water escapes and condenses ot the colder part of the tube. 6. 
'this indicates (1) Substances containimf water of crystallisa- 
tion. (many of these melt readily and solidify again after 
the escape of the water; many swell U[» considerably on 
liberation of the water, c./y. borax, alum) ; (2) Halts con- 
taining decoJiijiosable peril ydrates, hydroxides, or hydrates 
(the substances often do not melt) ; (3) Anhydrous salts, 
between the iamclhie of which water is nwchanicalhj enclosed 
(the substances decrepitate) ; (4) Substances to which 
external nwisture is attached ; or (5) Ammonium salts, 
which are decomposed ivith the formation of water, e.g. 
ammonium nitrate, in the decomposition of which nitrous 
oxide gas is simultaneously evolved (ignites a glowing 
matcJi). The ili’ops of w'ater condensed in the tube are 
tested as to their reaction. If this is alkaline, ammonium 
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7 . 

8 . 


ion is indicated ; if acid, the anion of a volatile acid 
(sulphuric acid, sulphurous acid, hydrofluoric acid, hydro- 
chloric, hydrobroniic, or hydriodic acid, acetic acid, etc.), 
(c) The substance decrepitates or decomposes without liberation 
of water. This points to the presence of certain anhydrous 
ininerals which have this property, ep. heavy spar, zinc 
blende, lead glance, spathic iron ore, pluiu})ocalcite, etc. 
(/) Gases or vapours are evolved. A note is taken whether they 
have a colour, odour, acid or alkaline reaction, or are 
combustible, etc. 

(aa) Oxygen indicates oxides or “ noble " metals, peroxides, 
per-salts, chlorates, nitrates. A glowing match is 
rekindled in the current of the gas (see also 5). 

(bh) Sulphur dioxide. This is produced in the decomposi- 
tion of sulphites of heavy metals, and also of many 
sulphates, as well as in the ignition of mixtures of 
sulphides with sulphates. It may be recognised by 
its odour and acid reaction. 

(cc) Nitrogen trioxide or tetroxide derived from the decom- 
position of nitrites or nitrates, especially those of the 
heavy metals. They may be recognised by their 
brownish-red colour and the odour of their vapours. 
(dd) Carbon dioxide points to the jjrescnce of carbonates 
decomposed on heating, or to the oxalates of reducible 
metals, e.g. cupric oxalate. The gas is colourless, 
odourless, and non-combustible. A droj) of lime water 
exposed to a current of the gas on a glass rod or clock 
glass becomes turbid 

(ee) Carbon inonoxide points to the presence of oxalates or 
also of formates. The gas burns with a blue flame. 
If carbon dioxide is mixed with it, as, for example, 
when magnesium oxalate or formates of easily re- 
ducible metals are present, it is difficult to ignite. 
In the case of formates, there is often considerable 
carbonisation. Oxalates, when mixed on a clock 


glass with manganese dioxide (free from carbonate), 
a little water and concentrated sulphuric acid, evolve 
carbon dioxide, whereas this is not the case with 
formates. 

Chlorine, bromine., or iodine indicates the presence of 
chlorides, bromides, or iodides, decomposable with the 
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liberation of the halogens. The gases may be readily 
recognised by their colour (yellowish-green, brownish- 
red, violet) and their odours ; a black sublimate is 
formed if any considerable quantity of iodine is liberated 
(of. 9). 

to) (Cyanogen and hydroyen cyanide indicate the presence 
of cyanogen compounds, which are decomposed on 
heating ^ {e.y. mercuric cyanide, Trussian blue). Both 
may be recognised by their odours, and cyanogen, 
wlien it is fairly pure, by tlie fact that it burns with 
a carmine red flame - {cf. also Sec. 154, 33, y). 

{hh) llydroycM sulphide points to the presence of hydrated 
sulphides (also of thiosulphates). It is readily recog- 
nised by its odour. 

(ii) Ammmia may be derived from the decom]) 08 ition of 
ammonium salts, or also of hydrated cyanogen com- 
pounds or nitrogenous organic substances, in which 
last case darkening or carbonisation occurs, whilst, 
as a rule, malodorous combustible oils also escape 
witli the ammonia. 

{kk) II ydrocarbons and other yaseous oryanic conipomuls 
indicate the presence of organic substances, i.e. in the 
case of those com])ounds which are being dealt with 
hore,''^ oryanic acids or their salts. TIk^ gases usually 
have an emj)yreumatic odour and generally burn 
with a luminous flame {ef. 10). 

(y) A sublimate is formed ^ {ef. Chap. III., No. 2, last paragraph). 9. 
The presence of volatile substances is indicated. 

The following are of more frequent occurrence : — 

{aa) Sulphur, from mixtures or metal sulphides. Beddish- 
brown drops ; when cold, yellow or yellowish-brown 
solid. 

{hi) Iodine, from mixtures, many iodides, iodic acid, etc. 

Vapour violet ; sublimate black ; iodine odour. , 

(cc) A/mnoniu?n sails. White sublimates. Heated with 
sodium carbonate and a drop of water, evolve 
ammonia. 

1 Cf. also Chap. III., No. 2, last paragraph. 

* It may be noted hero that insoluble cyanogen compounds arc examined 
by a special method (Sec. 180). 

3 Cf. Chap. 111., No. 8. 

‘ See Sec. 14. 
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(dd) Mercury and its cojuponnds. Metallic mercury forms 
minute globules ; mercuric sulphide is black, becoming 
red when heated ; , mercuric chloride melts before 
volatilising, emits dense vapours, and forms a white 
sublimate ; mereurous chloride sublimes without 
previously melting, to form a sublimate wliieh is 
yellow wlule hot and white wlieji cold ; red mercuric 
iodide yields a yellow sublimate. 

(ee) Arseuic and its compounds. Metallic arsem'c forms 
the well-known jmrror ; arseuic trioxide yields lustrous, 
minute crystals; the sulphides of ars(7iie form sub- 
limates wliieh are reddish-yellow while hot, and }'ellow 
or yellow isli-red when cold. 

{ff) Autiuiouij trioxide melts to form a yellow liiiuid before 
subliming. The sublimate consists of lustrous needles. 
(////) Lead chloride melts to a yellow liipiid before forming 
a sublimate. The sublimate is white, and volatilises 
vvith diflieulty. 

{hh) Betizoic acid, succinic acid, cinnamic acid form white 
crystalline sublimates ; the acids prepared from gum 
benzoin, or amber, are not (piite jmre ; they may be 
recognised by the odour of the vajiours. 

{ii) Salicylic acid gives a white, crystalline sublimate. 
When rapidly and strongly heated an odour of phenol 
is pnxluced. 

(kh) Oxalic acid gives a white, crystalline sublimate ; when 
heated in a small tube it produces densi' vapours 
which have an irritating action upon the throat. 
On heating a small quantity with a droj) of concen- 
trated sulphuric acid on platinum foil, an abundant 
evolution of gas is j)roduced. 

(h) Carbonisation occurs. This indicates organic substances. ^ 
Combu.stible gases, usually with an emj)yreumatic odour 
. (in the ca.se of acetates, acetic acid, or acetone), and water 
are also always produced, the latter having an acid or 
alkaline reaction. Tarry products of distillation are also 
almost invariably deposited in the upper part of the 
tube. An odour of burnt liair indicates the presence of 
nitrogenous organic substances, especially proteins. If 
the rc.sidue elTervesces when treated with acids, whilst the 
^ VJ. CJiap. Ill , No. ;t. 
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original substance does not show this phenomenon, it indi- 
cates that alkali or alkaline earth salts of organic acids arc 
present. 

(?) A mdal is left. This indicates tlie ])r(*senee of carbonates 
or oxides of Jioble metals or salts of (*asily reducible metals 
with organic acids i (c.?/. c.iij)ric. acetate). In this case 
under certain conditions little, if any, c.arlxm is produced (/?). 

3. A small portion''^ of the substance is introduced into a holloio on 1 
ehareoal and siilimitied to tin* inner blowpipe flame. ^ »Since 
the reactions which oc.cair largidy re-duplicati; those already 
observe.d wlien tlie substance was heated in a glass tube, only 
those cliarae,teiisti(5 of tliis inctliod of treatment will be given 
hen*. If sulphur dioxide is developed wlien the llame is directed 
on to the cliarcoal, sulphur or a sulphide is indicated; if a 
garlic-like odour of arsenic is jiroduced, tin* presence of arsenic 
or an arsenic, comjiound is indicated ; if there is an odour of 
ammonia, the presence of certain ainmoniiim compounds, 
e.<j. ammonium carbonate, is indicated ; if the carbon burns 
vigorously, sulistances which emit oxygen, usually nitrates, 
chlorates, or [leroxides, are present. Care should be taken to 
avoid breathing the vapours from sulistances which, when 
heated in glass tubes, have yielded vapours or sublimates 
(Chap III., No, 2, last jiaragraph). 

In addition to the tests described, definite* conclusions may 
also be drawn to souk; extent from the following phenomena : — 

{a) The suhstanee nuits and, spreads on the charcoal or forms a 12 
head in the hollou\ without a simultaneous d('[)osit. This 
primarily indicates alkali salts. 

(6) .In infusdde irhile residue remains on the charcoal, either at 13 
once or after previously melting in the wat(‘r of crystallisa- 
tion. This indicates especially alkaline earth metals, 
aluminium, and zinc, which are present in the form of their 
oxidi's or of salts which are stable on heating (zinc oxide 
ap[)ears yellow while hot), and also indicates silicon dioxide. 

Of these slronlia, lime, magnesia, and zinc oxide arc 
characterised by emitting an intense light in the blowpipe 
flame, and alkaline earth metal compounds by the fact 

‘ cf. ('hup. nr,, No, 

“ ] f there is no iin*Hiuh*scence, ete., wlien the subatuiicc is heated ou charcoal, 
a larger amount niuv be used for (ho experiiuont. 

^ if. See. 2U ; also t'luip. 111., No. t. 
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that their oxides or sulphides show an alkaline reaction 
after moistening the residue. A drop of cobaltous nitrate 
solution is placed on the infusible ignited white mass and 
the latter again strongly heated. Various colorations are 
thereby produced, of which the following in particular 
are characteristic and easily recognised. A fine blue 
coloration indicates aluminium {oiide) and silico7i dioxide,^ 
a green coloration indicates zinc (oxide), and a violet coloration 
maij7mium phosphate or arsenate. In the presence of many 
phosphates of alkaline earths a more or less pronounced blue 
coloration is also obtained, of which note should be taken. 

In the case of (u) or (b) the preliminary examination is 
completed by determining the Jlame coloration (especially 
in testing for alkali and alkaline earth metals). A little 
of the substance is placed on a loop of platinum wire 
(preferably slightly moistened), touched with hydrochloric 
acid, carefully dried near the edge of the dame, again 
moistened with hydrochloric acid, and introduced into the 
fusion area of a Buirsen dame. L'lajnc colorations, due 
to alkali metals, are first produced, and then, after volatilisa- 
tion of the alkali icetals, the colorations due to barium, 
strontium, or calcium. Sometimes it is advisable to ignite 
the substance first in the reducing llame, and then to 
nioisten it with hydrochloric acid, ejj. when sulphates are 
present. 

If a dame coloration appears, the following specific 
conclusions may be drawn from it : — 

A yellow dame indicates sodium. 

A violet dame indicates potassium, cwsium, rubidium. 

A yellowish-red dame indicates calciwn.- 
A red dame indicates lithium, strontium (calcium).^ 

A green flame indicates tlMiUiuin, boric acid, copper. 

A yellowish-green dame indicates barium. 

, , A blue dame indicates indiwn, copjjer (as chloride or 
bromide). 

A pale-blue to blue-grem dame indicates arsenic, a^itimony. 
For further jiarticulars, see Secs. 22, 31, and 38. 

^ This conclusion is only justifiable when an infusible substance is actually 
present. Fused masses are also frequently coloured blue by cobalt. 

® Or a metal which colours the flame red in the presence of sodium. 

* The calcium coloration is much rodder in the absence of sodium, especially 
when hydrochloric acid is present, than is usually assumed to be; the case. 
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(c) A residue of a different colour is left^ a reduction to metal 14. 
takes flace, or a deposit is formed. In this case a conclusion 
cannot immediately be drawn from the reaction which has 
occurred, but in order to bring about decisive phenomena 
^ a small portion of the powder is mixed with a drop of 
water and sodium carbonate (an odour of ammonia at this 
stage indicates the presence of an ammonium compound), 
heated on charcoal in the reducing flame f)f the blowpipe, 
and a note taken of any residue in the hollow of the charcoal 
and of any deposit on the surface of the charcoal. If a 
sulphide or arsenide is present (see 11), or if the substance 
contained much water of crystallisation, it should be 
heated first for a short time on the cover of a porcelain 
crucible, and the residue ground up and mixed with sodium 
carbonate. If only an incomplete reduction to metal 
occurred, it is advisable to repeat the test once more by 
adding a little potassium cyanide to the substance w^hich 
has been mixed with sodium caibonate, or the substance 
may be mixed with sodium formate, since this materially 
facilitates the reduction to metal. 

If a reduction to metal has occurri'd, the residue is 
moistened with water, cut out, ground up in a small 
mortar, and the particles of charcoal washed away. By 
this means gold is obtained in yellow flakes, copper in 
coiipcr-red ones, silver in nearly white, tin in greyish- 
white, and lead in whitish-grey flakes, whilst bismuth is 
left as a reddish-grey j:)owder, zinc as a bluish-white, and 
antimony as a grey powder. If cojiper and tin or copper 
and zinc are present together yellow allo}'S are sometimes 
formed. 

The following specific phenomena may be noted : — 

(a) A granule of metal obtained after thorough blowi)ipe 15. 
treatment without a deposit being formed on the 
charcoal points to the presence of gold or copper% ,The 
latter may also frequently be recognised by the green 
coloration of the flame. Platinum, iron, cobalt, and 
nickel compounds are also reduced, but do not yield 
metallic granules, at all events when they are not present 
together with compounds of other metals. 

(j8) A deposit is formed upon the charcoal, with or without 16. 
the simultaneous production of a granule of metal. 
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(aa) A white deposit at a distance from the substance, and 
volatilising very readily with the emission of a garlic- 
like odour indicates arsenic. 

{hh) A white deposit not far distant from the substance, 
and capable of being moved from o/ie part to t he other, 
indicates antimony. As a rule dark dull granules of 
jiietal will be simultaneously noticed, which continue 
to omit white fumes after the blowing has sto])ped, 
and on cooling become enveloped with crystals of 
antimony oxide ; the granules are brittle. 

(cc) A de])osit which is i/elloiv while hot and white on 
cooling, is fairly close to the substance, volatilises 
with dilliculty. and, when heated with cobaltoiis 
jiitrate solution, shows a green coloration, indicates 
zinc. 

{(Id) A })ale i/cllou' deposit while hot and white on cooling, 
which lu's close to the substance and cannot be 
Volatilised in any llame, indicates (in. 'Flic metal 
granules which arc formed sijiiultaneously, althougli 
only in a good reducing Hame, are bright, readily 
fusible, and malleable. 

(cc) A lenion-t fellow deposit while hot and sulphur-jellow 
on cooling, and which when heate<l in the n'duoing 
flame leaves a blue shiniuier in its ]»lace, indicates 
lead. The granules of metal fornusi at the same time 
are readily fusible and malleable. 

{ff) A deposit which is dark orinKje-jfclloiv while hot and 
lemon-yellow on cooling, and which when heated in 
the reducing flame leaves no blue shimmer in its })lace, 
indicates bismuth. The granules of metal simultane- 
ously formed are readily fusible and brittle. 

{(jij) A deposit wdiich is reddish-hroivn, and orane*^- {fellow 
in thin layers, and volatilises without leaving a coloured 
t shimmer, indicates cadmium. 

(hh) A faint dark red dejiosit, with the simultaneous forma- 
tion of white granules of metal, indicates silver. If 
lead and antimony arc also jiresent the deposit is 
crimson. 

(y) The formation of sodium sulphide, wfliich may be readily 
identified as in Sec. 105, 0, indicates sulphides, sulphates, 
or also sulphites. 
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4, A small portion of the suhstarice is fused ivith an alkali phosphate 
brad {see Sec. 21), is exposed for some time to the oxidising flame 
and observed both while hot and after cooling, and if any coloration 
has been produced it is also heated in the reducing flame. 

{a) The substance is dissolved readily and in considerable quantity, 
forming a head, tohich u transqmrent while hot. 

(a) The eoloiir of t he bead is : — 18 . 

blue : eohali is indicated. 

r/m’w, becoming blue on cooling and in the upper re- 
ducing flame red after cooling, althougli only when 
thoroughly saturated : eopper is indicated. 
green, particularly tine on cooling, and unchanged in 
the reducing llame : e/nomium is indicated. 
hroivnish-red, becoming pale yellow or colourless on 
(‘ooliiig ; 111 tli(‘ r(‘ducmg flame red while liot and yellow 
on cooling, and then gna-nish : iron is indicated. 
rahy-red. becoming blue and then cohmrless : gold is 
indicated (Sec. (SI, 11); reddish to hroienish-red. 
br'coming paler on cooling, and then yellow to reddish- 
yellow or I'ven c<dourless and unchanged in the reducing 
flame : nickel is indicati'd. 
fnen.-eolourcd: plat inti ni is indicated (Sec. 85, 15). 
yellowish-brown, iH'coining light yellow to colourless on 
cooling, and in the nalucang flame (preferably after 
tre.'itment with tin) almost colourless, and blackish- 
grey on cooling : bismuth is indicated. 
pale yellow to opal -colon red, somewhat turbid on cooling, 
and wdiitish-grey in tlu' reducing flame : silver is 
in<licated. 

anu’lhyst-eolonred, espi'cially aftiu* (“ooling in the outer 
flame. (*olourless in the reducing llame, and nof quite 
clear : manganese is indicat<‘d. 

(/I) The hot bead is not coloured. 19. 

{aa) It remains clear on cooling. This indicates antimony, 
aluminium, alkali compounds, zinc, cadmium, lead, 
calcium, and magnesium (the five last yield on the 
add it ion of a considerable quantity enamel- wdiite beads. 

1 n the ])resence of lead the saturated liead is yellowish). 

{bb) It becomes enamel-white on cooling, even in the presence 
of a small quantity of the substance. Barium or stron- 
tium is indicated. 
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20 . (i) The substance dissolves with difficultij and only in slight 

quantity. 

(a) The bead is colourless and also remains clear on cool- 
ing. The undissolved portion appears semi-trans- 
parent ; on the addition of a little ferric oxide the 
glass assumes the colour of an iron bead, i^ilicon 
diorkle is indicated (or a silicate). The reaction l akes 
])lace better on the use of not too small a gramih', or 
fragment than when fine powder is used. Its non- 
occurrence does 7iot justify the conclusion that silicic 
acid is absent (c/. Sec. 115, 9). 

{/3) The bead is colourless, and remains so, even after the 
addition of ferric oxide. Tin is indicated. 

21. M The substance does not dissolve at all and floats (as metal) 

in the bead. Gold or platinum is indicated. 

When the preliminary examination is finished the substance 
under examination should be dissolved as in Sec. 154 (32) or 
Sec. 155 (34). 

Skc. 151. 

(2) The substance is an elementary metal or an alloy. 

22. 1. A portion is mixed and heated with wafer, to which a little acetic 

acid has been added. The evolution of hydrogen indicates the 
presence of a light metal (possibly also that of elementary 
manganese). 

23. 2. A portion is heated in a holloio on charcoal in the inner blowpipe 

flame, and a note taken whether the substance melts, or a deposit 
is formed, or an odour produced, etc. 

The following metals may thus be recognised with more or 
less certainty : arsenic by its odour of garlic ; mercury by its 
ready volatility ; antimony, zinc, lead-, bismuth, cadmium, tin, 
and silver by their fusibility, with the formation of deposits 
^oij the charcoal (cf. 16) ; copper by the green coloration of the 
outer flame. Only when a single pure or nearly pure metal is 
present can any further conclusions be drawn ; thus gold melts 
without a deposit, whilst platinum, iron, mangancM, nickel, and 
cobalt do not melt in the blowpipe flame if they are pure. 

24. 3. A small portion is heated in a glass tube fused together at one end 

in a gas jlame the action of which is intensified by the use of a 
chimney. 
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(a) No deposit is formed in the colder pari of the tube. Mercury 
is absent. 

if) A deposit is formed. Mercury, cadmium, or arsenic is present. 

The deposit of the first metal, which consists entirely of 
small globules, cannot readily be confused with tlie cadmium 
or arsenic deposit. The non-occurrence of deposits, how- 
ever, is not nec,essarily conclusive f)f the absence of cadmium 
or arsenic. 

After the preliminary examination is finished the 
substance under examination should be dissolved as in 
Sec. 156 (42). 

Sec. 152. 

B. The Substance under Examination is a Liquid. 

1. A small portion is heated in a jilatinum or porcelain basin and note 25. 

taken whether the liquid can be evaporated without leaving a 
residue, i.c. whether a solution of a solid substance is present. 

If this is the case, the residue is tested as in Sec. 150. If the 
liquid evaporates without leaving a residue there may be pre- 
sent (if the reaction is acid, (27)) volatile acids (hydrochloric, 
nitric, acetic, formic acids, etc.), and if the reaction is alkaline 
the solution may contain ammonia. In this case the odour 
alfords a further indication, especially when the liquid is heated, 
if it is 7)ot a solution, organic substances will almost invariably 
be present when t.he licpiid was not merely water. Jn this case 
reference may be made to what is said in Chap. 111., No. 3. 

If a liquid metal (mercury) is present, it should be treated as 
described in the previous sections. 

2. The odour of the liquid or of the vapours which escape when it is 26. 

heated usually give a sufficient indication of the nature of the 
solvent. If necessary a distillation is made, a note being taken 
of the temperature at which the vapours distil (Sec. 12). If 
an aqueous solution (which may contain volatile acids or 
ammonia) is not present, simple solvents such as alcohol, .ether, 
etc., may be evaporated, and the residue, if it is of an inorganic 
nature, examined by the same method as was previously used 
when a solid substance was present, i.e. beginning with Sec. 150. 

If the residue contains organic substances, and it is not 
possible to decide by other means that it belongs to the organic 
acids dealt with in this book (or alkaloids, cf Sec. 209 et seq.), 
or that the case comes within the scope of those dealt with in 
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Sec. 190 et seq., reference should be made to Chap. 111. No. 3. 
This also applies to the determination of the nature of the 
solvent. 

27. 3. A test is mmk with litmus paper. 

(a) Blue paper heeouws red. This reaction may be due either to 
an acid or an acid salt, or to a salt which has undergone 
hydrolytic dis.sociation when dissolved in water. To 
decide which is the ease, a small portion of the liquid is 
poured on to a clock glass and the extreme tip of a glass 
rod, moistened with a dilute solution of sodium carbonate, 
introduced into it ; if the liquid remains clear, or any pre- 
cipitate formed dissolves on stirring, the former alternative 
is the case, whilst if a ])ermanent turbidity is })rodiiced 
the latter is generally the case. 

28. Reddened htmus paper becomes blue. This indicates 
hvdroxides, carbonates, or sul|)hid(‘s of alkali or alkaline 
earth nudals (and of ammonium), also tlu' salts of otluu’ 
weak acids with alkali (tr alkaline eartli medals (especially 
alkali borate's) which luue undejge)ue' hyelroljtic elis- 
soe'iatiem ; basic h*ael acetate, thallium. h\'e]re).\ide, and 
carbeenate alse) show .in alkaline reactiem in aqueeius solutie)n 
ow'ing to hydrolysis. 

29. 4. If the solution is an aepicous one and has an aciel reaction, a s7naU 

portion of it is dduted with much water. If this jereiduces a 
milky turbidity the ions of bismuth, antimony (possibly also of 
tin or lead) are indicated, (f. Sec. 76, 3, anel Sec. 91, i. 

3Q. After the preliminary exarninatiem is completed the actual 
tests are made. If the solution is an aipieous one and has a neutral 
reaction it can only contain substances soluble in water ; if, however, 
it has an acid reaction (this being due to the presence of an acid), it 
is necessarv to take into consideration in the actual tests not only 
substances which are soluble in water, but also those wdiich dissolve 
in acids. Bearing these facts in mind, the (-xaniination is continued 
at Secs. 157, 158, or 159, or Secs. 160, 161, or 162, jirovided the 
assumption that only one cation and one anion is present is justified ; 
but if there is no such justifii'ation. tests are made as descrilied 
in Secs. 164, 175, or 176, or in 177 or 178. If liquids have an 
alkaline reaction, the examination is made as in Secs. 157, 158, or 
159, provided it may be assumed that only one cation and oih' anion 
is present ; otherwise as in Secs. 164, 175. or 176. 
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11. SOLUTION OF SUBSTANCES OR THEIR CLASSIFICA- 
TION ACCORDINC TO THEIR BEHAVIOUR TOWARDS 
CERTAIN SOLVENTS.i 

, Sec. 153. 

General Survey. 

The media wJucii we uae for classifyin<( simple suljstaiiccs or 31 . 
comj)ouiKls in aceordanee with their solu))ility, vy of separating 
them when mixed together, are water and acids (iiydrochlorie acid, 
nitric acid, aqua reyia). According to their behaviour towards 
these solvents substances may be divided into three classes — 

First class. — Substances soluble in water. 

Second class. — Substances practically insoluble or dissolviny with 
difficulty in ivaler. but soluble in hydrochloric acid, nitric acid, or aqua 
ley in. 

Third class. — Substances practically insoluble or dissolving with 
difficulty in water, and also in hydrochloric acid, nitric acid, and aqua 
■regia. 

Metals or metal all(*ys ari; more suitably dissolved by a somewhat 
dih'erent method, and a special method for their treatment is, there- 
fore, gi\en (Sec. 156) 

Piocedurc in detail. 

To cllect the solution or test the solubility ol a substance, the 
following metJiod is employed: — 

A. The Substance is neither an Elementary Metal nor an 
Alloy. 

Simple Compounds.- 

Sec. 151. 

If it is a ((uestion of a simple compound, the solubility class to 32 . 
which it belongs is hi'st determined. For this juirpose a small 
sample is treated with about ten times its ijuantity of distilled 
water, and then, if necessary, with dilute Iiydrochlorie acid (/.c. 
hydrochloric acid of sp. gr. 1'12 mixed with about three times its 
quantity of water), with concentrated hydrochloric acid, with 

^ See also the remarks in Part 11., Chap. III., Nos. 6 to 8. 

■'* 'This name has been adopted for the .sake of brevity for .such compounds as 
oontaiii only one cation and one anion. 


36 
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iiitric acidji and with aqua regia successively in the order given ^ first 
without and then with the aid of heat. If the small sample can be 
dissolved 2 by one of these solvents, a somewhat larger quantity 
(about 1 grm.) is treated in the same way, and tests arc applied to 
aqueous solutions in accordance with Secs. 157, 158, or 159, to acid 
solutions as in Secs. 160, 161, or 162, and to substances insoluble or 
practically insoluble in acids in accordance with Sec. 163. 

It should be noted that simple compounds must dissolve completely 
in 07ie solvent. If small particles remain undissolved they usually consist 
of impurities which may be ignored (c/., however, 33 (h), (c), and (d) ), 
and in such cases the substances arc not treated as though insoluble in acid. 

On dissolving the substance in acids a series of [tlienoinemi may 
be produced, of which especial notice must he taken. 

(a) Ejfcrvescowe indicates carbonates (the liberated carbon 
dioxide may be identified according to Sec. 114, 4) ; or 
sulphides, in which case the liberal ed hydrogen sul])hide 
may be identified by its odour. 

(/>) Separation of sulphur, which may be easily recognised by 
its apj)earance, colour, and specific gravity', and can usually 
be filtered off after being boiled for sonu' time, indicates 
sulphides. Tlu' filtered solution is diluted and tested 
according to Sec. 160, w'hilst the residue may be examined 
according to Sec. 163. 

(c) Separation of siliew acid, usually in gelatinous form, indicates 

silicates. These are examined by a special proces.s, Secs. 181 
to 183 (cf, however, Chap, ill., No. 7). 

(d) Separation of crystalline henzoir add, salicylic acul, or cfw- 

naniic acid can only occur when the preliminary examination 
has indicated the jiresence of organic substance's. (If 
any doubt exists as to whether the salt has dissijciated 
with solution of the cation, the solution is siiaken Avith 
ether, whicli will dissolve the organic acid, so <^hat two 

^Sometimes, c.y. in the case of barium comjiounds, a subwlaiui' docs not 
diSsofve completely in acids, owing to the formation of a substance which is 
less soluble in the acid than in water. In such cases complete solution is effected 
by diluting the liquid with water. 

* If an organic .substance is jirescnt, it nia}' belong to the class of substaiu es 
soluble in water, notwithstanding the fact that it cannot bo comjiletely dis- 
solved either by treatment with water or with acids. It belongs then to the 
cases mentioned in 33 {d). 

^ A turbidity at this point points to the presence of bismuth or antimony 
compounds (possibly also of tin or lead compounds). In the case of the former 
the turbidity is removed by the addition of hydrochloric acid. 
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clear layers of liquid will be obtained.) For the detection 
of the cation a fresh quantity of the original substance 
is treated with acid, diluted with a little water if necessary, 
and the liquid filtered from the separated organic acid. 

^ The filtrate is tested as described in 47 (6), footnote. 

(e) Evolution of chlorine, {when hydrochloric acid is used) indicates 
the presence of oxidising substances : peroxides, per-salts, 
chromates, chlorates, etc. 

(/) The evolution of nitric oxide or nitrogen trioxide when 
nitric acid is used points to the development of an oxidation 
process, whilst bromine or iodine vapour indicates bromides 
or iodides. 

(g) Development of an odour of hydrocyanic acid indicates the 
presence of cyanogen compounds, insohiblc in Water. A 
suitable special method of examining these is given in 
Sec. 180. 

In many cases (with ferro- and ferricyanides) a blue 
or green (coloration is simultaneously ])roduced on heating 
the substance with hydrochloric acid. 

If tlicH! is any doubt as to the evolution of hydrocyanic acid, a smdl 
(juantity of the sub.stancc may I)c heated with sulphuric acid or fused in 
an ignition tube witli potassium hydrogen sulphate and the liberated 
vapour made to act upon a strip of paper wliicli has been saturated with 
a solution of a ferrous and ferric salt, and then diiiped in alkali hydroxide 
solution. Oil subsequently moistening this with hydrochloric acid the 
formation of Prussian blue indicates the presence of cyanogen 
(r/. Sec. 120, 7). 


Mixed Compounds.^ 

Sec. 155. 

If a mixed compound is to be examined, it is advisable, if neccs* 34 . 
sary, to begin by separating the substances from one another into 
their respective solubility classes. For this purpose the following 
procedure is adopted : — 

1. A sample (about 1 to 3 grins.) of the substance under examination 
is treated in the form of powder with about 10 times its quantity 
of distilled water in a flask and the mixture heated to boiling 
point. 

1 This name is applied hero and in the following pages to compounds and 
mixtures in which all the cations and anions of more freijuont occurrence may 
be present. 
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35. («) A clear solution is obtained. In this case the whole of the 

compounds in the first solubility class have to be taken' 
into consideration, without, however, overlooking what has 
been said about the reactions in the preliminary examina- 
tion (30). Tests are applied for the detection of the c/itions 
as in Sec. 164, and for the detection of the ajiions as in 
Secs. 175 and 176. 

36. -f residue is left, even ajter long-continued boiling. It is 

allowed to subside and the liquid filtered, the insoluble 
matter being left, as far as possible, in the flask. A sample 
of the clear filtrate is evaporated in a platinum or porcelain 
basin or in a clock-glass {ef Chap. III., No. 6. and in par- 
ticular the footnote). If a residue is left, part of the 
substance is soluble in water. The residue is rcj)eatedly 
bojied with fresh portions of wati'r, in order to bring the 
soluble constituents as com|>letely as possible into a({Ueous 
solution,! and tests arc applied to this solution as described 
in (35) and to the insoluble residue as in (37). 

37. 2. The substance which is insoluble in water, or which has been 

extracted as completely as possible with water, is separated by 
decantation or filtration from the liquid, and a portion treated 
with dilute (cj. 32) hydrochloric aiad. If it is insoluble or not 
completely soluble the acid is boiled ; and if still there is not 
complete solution the liquid is jioured off into another flask, 
the residue boiled with concentrated hydrochloric acid, and 
if a solution is obtained it is added to the liquid previously 
decanted. 

With regard to the phenomena which may occur during the 
treatment with hydrochloric acid, see (33). 

38. (a) Comjiete solution is effected by the treatment with hydro- 

chloric acid (or only sulphur, silicic acid, benzoic acid, 
salicylic acid, or cinnamic acid separates, ef. 33). The 
substances insoluble in water then belong to the second 
solubility class. The examination is continued according 
to Sec. 165. Any deposit which appears to be sulphur 
should be submitted to further examination, as in Sec. 179. 
If silicic acid has separated, the liquid is evaporated to 
dryness, in order to convert this completely from the 

* If substances, such as calcium sulphate or lead chloride, which arc only 
sparingly soluble in water, aro present, it is sufficient to boil the residue four 
times with water, since complete extraction can only be effected with difficulty. 



SEO. 155 


MIXED COMPOUNDS 


565 


colloidal condition into insoluble silicon dioxide, as de- 
scribed in Sec. 181, and the residue moistened with hydro- 
chloric acid, treated with water and filtered. The filtrate is 
subsequently examined as in Sec. 165 et seq. The residue 
% is tested to see whether it contains any substances in addi- 
tion to silicon dio.xide, insoluble in acid. Cf. in this con- 
nection ('hap. III., No. 7. Any separated organic acids 
are filtered ofT, and tested as described in Sec. 159 for 
cimiamylate, succinate, and salicylate ions. 

{b) A rmdiie is still hft. In this case the fiask containing the 
portion which has been boiled with hydrochloric acid is 
])ut aside for a tiine.i 

If the substance which was insoluble in w^ater, or has been extracted 39. 
therewith as far as possible, is not completel}’ dissolved by 
hydrochloric acid, a further ])ortion is heated with Tiitnc acid 
and subsequently diluted with water. 

With regard to the ])henomena winch may occur, see (.33). 

{(t) CotnpiHe solution is effected hj nitric acid (or only sulphur, 
sili( ic acid, or an organic acid separates, ef. 33). The sub- 
stances insoluble in w'ater bciong also in this case to the 
second solubility class. The nitric acid soluton is examined 
as in Se(^ 164, 111., (109), and in general as described in (38). 

(/;) There is still on imolnhlc residue on heating the substance 
with nitric acid, even after dilution with water. The ex- 
amination is continued as in (40). 

4. If the substances insoluble in waiter do not dissolve completely 40. 
either in hydrochloric or in nitric acid, an attempt is made to 
d issolve them in aqua regia {ef p. 19). Nor this ])urpose the con- ^ 
tents of the flask in which nitric acid has been tried as a solvent 
are mixed with those of the flask in which concentrated hydro- 
chloric acid was tried, and the mixture gradually heated and 
finally gently boiled. If complete solution does not take place, 
the clear liquid is poured off and the residue kept moderately 
boiling for some time with concentrated aqua regia. NirviHy 
the more dilute aqua regia solution which was poured off, and also 
the solution in dilute hydrochloric acid which w^as poured off* 
in (37) are added. After the whole has again been gently boiled, 
a note is taken whether complete solution has occurred, or 

' In many tho residue left after the treatment with hydrocliloric 

acid diB.solve,s when diluted with water, c.g. in the pre.senee of liarium salts 
(p. .i02, footnote I) ; naturally the ea,se then comes under the heading (a). 
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whether a residue insoluble in aqua regia is left. In the latter 
case the solution is filtered, after dilution with a little water 
if necessary,! the residue washed with boiling water, and the 
washings added to the filtrate and examined as in Sec. 165. 
In the foruier case the clear solution 2 is treated if\ the 
same way (in this connection cf. Chap. III., No. 6, last 
paragraph). 

41. 5. If aqua regia leaves a residue after boiling, this residue is thoroughly 
washed with boiling water and examined as in kSoc. 179. 


B. The Substance is a Metal or a Miotal Alloy. 

Sec. 156. 

General Survey. 

42 Elementary metals are best classified in accordance with their 
behaviour towards nitric acid as follows : — 

I. MetaU u'kieh are not attacl'ed hy nitric acid : Gold, platinum. 

II. Metal'^ 'lehicli are oxidised hy nitric acid, hut the oxides of 
which do not dissolve (to any a})precia])le ext(‘nt) either in excess of 
acid or in water : Antimony, tin. 

III. Metals which are ouidised hy nitric acid, and converted into 
nitrates soluble in excess of acid or in v'uter : All the rest. 

Since it is only very oc^casionally that an analysis of chemically 
pure elementary metals is required (for nearly all commercial metals 
are not chemically pure, but contain larger or smaller amounts of 
other elements) separate directions for the treatment of metals and 
alloys are not given in the following pages, but only the latter arc 
. dealt with, since the method is applicable under all conditions, 
whether actual alloys, im]>urc metals, or pure metals arc present. 
With regard to the quantities to be taken for the treatment with 
nitric acid very small fragments are sufficient in the case of pure 
metals, whilst samples of 1 to 3 grins, should be used for the detection 

j i\ turbidity at this stage usually indicates the j)rcaonco of bismutli or 
antimony compounds ; it may bo removed by the addition of hydrochloric 
acid. 

' * If pointed crystals separate from tho acid solution on cooling, they will 

usually consishof lead chloride, J n such cases it is often advantageous to decant 
the liquid from the crystals and examine the latter separately. 

If metastannic chloride has been formed dunng tho boiling with aqua 
regia the washing water which dissolves this salt becomes turbid when it falls 
into the strongly acid liquid first passing through tho filter. In that case tho 
washing water is collected in a separate vo.s8ol, and the two solutions separately 
treated with hydrogen sulphide (Sec. 165), but filtered through the same filter. 
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of the individual constituents of alloys, i.e. for analyses in which 
minute quantities of metals present as impurities may be ignored. 

If, however, tests are to be applied for the metallic impurities which 
are usually only present in traces in the metals obtained by metal- 
lurgirtal ])Tocesscs, as, for example, in testing soft lead for bismuth, 
eo])per, antimony, iron, zinc, silver, etc., quantities of 100 to 2(X) grms. 
must be taken for the analysis. 

Method of Solution. 

The sam])le is heat(;d with nitric acid of sp. gr. r2, to which, if 
lead nitrate sepiirates, an equal volume of water is added. 

1. There is complete solution, or it cun he effected bij the addition q/’43. 

miter (Chap. ITL, No. 8). This indicates the absence of 
])Iatimim^ and gold, antimony 2 and tin. The procedure 
described in Sec. 100 or Sec. 104, III., (lOlO- followed according 
to whether one or several metals are present. 

2. .1 residue is left : 44. 

It is tiltered oil and washed, and the filtrate examined as in 
Se('. 101, 111., (109), jirovided that a test shows that it contains 
anything in solution. 

[a) The residue is metallic. It is dis.solvcd in aqua regia, and 
tlm solution tested for gold and qdatinum (8ec. 86). 

(/>) The residue is white and pulverulent. This usually indicates 
the [»resence of antimong or tin. If there is reason for con- 
cluding that only one or other of these metals is present, 
it is sutlicient to wash and dry the residue, and to fuse it 
with sodium carbonate and potassium cyanide or with 
sodium formate in a hollow on charcoal or in a porcelain 
crucible, by means of the reducing fiame of the blowpipe, 
and to note whether malleable tin or brittle antimony 
granules are obtained. If, how(‘ver, .several metals may 
be ])resent, the case is more c.omplicated, since bismuth 
arsenate also dissolves with difiiculty in nitric acid, whilst 
l(‘a<l. copper, and other metals may be left in the ^esjdue 
in the form of .salts or oxides, together with the antimony 
oxides and metastannic acid. The best course is to fuse 
the washed and dried residue for a considerable time with 
about 4 times its (piantity of a mixture of equal parts of 

^ Alloys of silver and platinum containing very little platinum are soluble, 
however, m nitric acid. 

2 Very iminUo (pumtitii's of antimony are often eompltdely dissolved 
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sodium carbonate and sulphur in a porcelain crucible 
ivhich must he kept well covered, and then to treat the fused 
mass, after cooling, with water. 

If necessary, and especially wlien the aqueous extract of 
the fused mass is of deep j’ollow colour (which sliows that'‘theair 
was not sufficiently excluded), the fusion of the residue with 
sodium carbonate and sulphur, and subsequent extraction with 
water, is repeated and the two solutions united. 

If a residue is left it is filtered off, washed, and dissolved 
in nitric acid. The solution is tested as in Sec. 164, III., 
(109), for the cations of the fifth and the fourth groups, 
or the ])recipitntes of the fifth or fourth group obtained 
from tliis nitric acid solution are united with the corre- 
sponding ])rccipi(ates from the main nitric acid solution 
first obtained. The yellow alkaline solution, however, 
is acidified with hydrochloric acid, whereby sulphides of 
the sixth grou]) are precipitated, and the precipitate is 
washed as in Sec. 167 (if necessary after being added to the 
precipitate of sulphides of the sixth group obtained from 
the main solution). 

45 . (c) The residue is ?c/u/c and //occ^den^ This indicates precipitated 

silicic acid. Since, however, the compounds of the lieavy 
metals mentioned in {b) may also b(* present in this pre- 
cipitate, a portion of the latter, after thorough washing, 
is fused on charcoal or in a porcelain crucible with sodium 
carbonate and potassium cyanide, or with sodium formate, 
whereby the heavy metals may be detectcnl. If they are 
found the remainder of the residue is fused with sodium 
carbonate and sulphur as described in (6), and the silicic 
acid thus obtained in solution. If this solution is acidified 
with hydrochloric acid, after sufficient dihdion. filtered 
from tiie sulphides of the sixth group (which must be 
examined as in Sec. 167), and evaporated to dryness, and 
the residue treated with hydrochloric acid and water, a 
residue of silicon dioxide will be left (Sec. 115, d). With 
regard to the behaviour of the aqueous extract of the fused 
mass when acidified with hydrochloric acid, see also (KH). 
{d) 4’he residue is UucL This indicates separated carbon. A 
small portion is strongly heated for some time on platinum 
foil to see whether it burns comiiletely. The nature of 
' any residue left is investigated according to {a), (h), or (c). 
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rri. ACTUAL EXAMINATION. 

Simple Compounds A 

A. Suhstayices f^oliihle in water. 

Detection of the Cation.’ 

Sec. 157. 

(General Sarcei/. 

In analysing a simple compound to detect the cation present, 
tests are first made witli the group reagents to ascertain to which 
analytical groiij) it ])elonga. 

Successive tests are therefore applied to determine the behaviour 
of the a(|ueous S(»lution towards hydro(;hloric. acid, of the acidified 
solution towards hydrogen sulphide, the behaviour towards ammonium 
sulj)hi(le (a precipitate with which may consist either of sulphides 
of the fourth or of hydroxides of the third group), and towards 
ammonium carbonate and sodium ammonium hydrogen phosphate. 

If th('se reactions prove the absence of the members of groups II. 
to VI. only an alkali ion or ammonium ion can be present. If one 
group reagent has givcm a positive result there is n<) need to apply 
the others, since only one cation is present.. 

Special Proeess 

1. A small portion of the acpieous not too concentrated solution is 46 . 
treated with a little hydrochloric acid. If the reaction is alka-. 
line the acid must be added until the liquid shows a decided 
acid reaction. h]tTervescence indicates the presence of carbonate 
ion or sulphide ion, and should be noted for the detection of 
the anion (68). 

(^/) No preeipitate i.^ formed. This indicates the absence of 47 . 
silver and mercurous ions, as also of large amounts of lead 
ion. The analysis is continued as in (50). , , 

{h) A precipitate /.s- formed. Ifvdrocldoric acid is added drop 
by drop until the volume of the ])recij)itate no longer 
increases, after which an additional G to 8 drops are 

' r/. (.‘0 and (’hap. 1 1 F., Nos. 0 and 10. 

2 In this .schi'ino of analy.sis attention must also bo clirccctd to iho anions 
of ar.senites, arsenates, silieate.s, and einnamylatea, .sineo phenomena may be 
observed whicdi will enable them to bo nlentilied. 

With ri'gard to the tabulation of tho results, see Appondix III. 
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added, and a note taken whether or no the precipitate 
rc-dissolves.i 

If ii dissolves the analysis is continued at (50). 

If it does not dissolve, and organic substances arc ptescnt 
(10), a portion of tlie liquid in which the })recipitate is 
suspended is shaken with ether. If the precipitate dissolves 
the analysis is continued at (.50). 2 If the precipitate remains 
insolnblcy or if organic suhskmces are not jyresent, the liquid 
(if necessary separated from the ethereal layer) in which 
the precipitate is suspended is divided into two parts, and 
excess of ammonia solution added to 07ic of them. 

(a) The precipitate disappears and the liquid becomes clear. 
It was silver chloride, and indicates the presence of 
silver ion. As a confirmatory test the original solution 
is treated with t)otassium chromate and with hydrogen 
sulphide (see Sec. 70, 10, 4). 

(j3) The precipitate becomes black. It was mercurous 
chloride, which has been decomposed by the ammonia. 
This indicates the presence of mercurous ion. As a 
confirmatory test the original solution is treated wjth 
stannous chloride and with metallie copper (see 
Sec. 71, 8 and 0). 

49^ (y) The precipitate n mains umdtered. It is lead chloride, 

which is not dissolved by ammonia solution. It 
indicates the prf'sence of lead ion. Tliis is confirmed 
by diluting the other jiortion of the liquid, in which 
the precqutate [iroduced by hydrocliloric acid is sus- 
pended, with a large amount of water, and then heating 
it. The precipitate, if it really is lead chloride, must 
dissolve. For further confirmation, jiortions of the 
original solution are tested with hydrogen sulphide 
and with sulphuric acid (See 72, 4 and 11). 

50. 2. Hydrogen suljihidc water is added to the solution acidified with 
" hydrochloric acid until the liquid has a distinct odour of the gas 
after being shaken. The li<(uid is then heated and, after the 

^ With regard to the formation in exceptional caw's f)f precipitates other 
than the silver, mercurous, and lead chlorides, see Chap. III., No. 15. 

* The jjrecipitate, however, is liltorcfl off from the remainder of the solution 
which has been acidifif?d with hydrochloric acid, dissolved in sodium hydroxide 
solution, and tested according to Sec. I.'IO, .‘1, 4 , and 7, for cinnarnylato ion, 
care being taken that in the two first rciictions the solution is not alkaline. 
The reaction with ferric chloride will also indicate the presence of benzoate 
or salicylate ion. 
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addition of more hydrogen sulphide, is allowed to stand for a 
time.'i 

{a) The liquid remctws denr.^ The analysis is continued at (56), 
or if an a(;id, not an aqueous solution is in question 
» (See. IGO), at (81), for load, hisniuth, copper, mercuric, 
gold, platinum, tin, antimony, arsenic, and ferric ions are 
not preseiit. 

(h) y\ jprecifitate is obfaivtd. 

(a) The preci/pilafe is while. In that case it consists of 51. 
separated sulphur, and points to the presence of an 
oxidising substance which decomposes hydrogen 
sulphide with the separation of sulphiir.^^ Of the 
cations of this nature ferric ion is the one of most 
frequent occurrence (Sec. 62, 3). (In this case the 
colour of the solution changes from yellow to colourless.) 

The original solution is tested with potassium ferro- 
evanide (Sec. 62, 8). If iron is not found and if a 
change of colour in the .solution did not indicate the 
[tre.sonce of chromate ion or ferricyanogen ion {cf. foot- 
note 3), the analy.sis is continued at (56). 

(/3) The precipitate is yelloivA It' iiiay be the su]j)hide of 52. 
cadmium, arsenic, or tctravalent tin. In order to 
determine the point, a ])ortion of the liquid in which 
the tirecijiitate is su.s])ende(l is treated with ammonia 
in exce.ss, then with a little ammonium sulphide and 
heated. 

^ Jf a precipitato i.s ininKshntcly formed on the addition of the hydrogen 
Bulphido Avater, the liealiiig, etc., i.s unneccs.sary, hut if the liquid remains • 
clear or becomes only sliglitJy turbid, tlie above process must be strictly follo\^ed 
if the risk of overlooking artenate ion and stannie ion is not to bo incurred. 

“ Jf the liquid fioin being daik violet-red in colour becomes colourless wth 
this reagent the jireseiiee of permanganate ion is indicated. Jn this case the 
selieine for tlie analysis of mixed compounds is folloMcd (Sec. 170 or ItiO). 

^ ]f the colour of tin* solution eliaiiges from reddish-yellow into green, 
cliroinate ion is indicated, whilst a gradual ehange from yellow to pale blue 
points to (he presense of ferrieyanide ion. in the fornuT ease, tw'o cations are 
jiresent after (he action of the hydrogen siiljihide, \ iz. chromic ion and the cafion 
of the chromate originally m tho solution, and the [iioeess described in 8ee. 170 
or 10!) should he adopted. In tho latter ease, the dry suhstanco or tho residue 
ohtaiiu'd by evaporal iiig the aqueous solution is heated w ith a little eoneentrated 
sulpliuric acid in a fume euploard until tho greater portion of the sulphuric 
acid has ovajioralcd, the residue di.s.solved in water, and tho solution, which 
will now contain the cation originally prixscnt in addition to tho ferric ion pro- 
duced from tho ferricyanogen ion, is examined as described in Sec. 170. 

* If the original solution wa.s yellow, it is treated with a larger excess of 
hydrogen sulphide, and heated to make certain that a white preeijiitate of sulphur 
in (he yi-Ilow solution has not been mistaken for a yellow preeiiiitate. 
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{(ta) The precrpifale does not disappear. Cadmium ion 
is present, for cadniium sulphide is insoluble in 
ammonia and ammonium sulphide solutions. 
Confirmation is obtained by testing the original 
substance, or the ])rec.ipitate produced by am- 
monium carbonate in its solution, by means of 
the blow])i])e (Sec. 77, 10). 

{JL) The precipdate dmappvars. This indicates stannic 
ion or arsenic Ion. A ])orti<)n of the original 
solution is treated with sodium carbonate. 

(fxa) A u'hitc precipitate is formed. This indicates 
stannic ion. Confirmation is obtained by 
reducing tliis precipitate with ])otassium 
cyanide and sodium carbonate, or with sodium 
formate, before the blowpipe, or in a crucible 
(Sec. 87 or 88, 17), or by testing the original 
solution with ammonium nitrate (Sec. 80, 11). 
(^j3) No precipitate is formed. This indicates 
arsenic ions.^ If the solution contains tri- 
valent ar.senic the yellow precipitate was 
]>roduced immediately by hydrogmi siilplude. 
Confirmatory tests are a[>pli('d to the original 
solution a., described in See. 80, 0 and 8. 
If th(‘ solution contains pmitavahmt arsenic, 
the j>recipitate was [)roduced by hydrogen 
sulphide only alter heating the liipiid, or 
allowing it to stand for some time. Con- 
firmatory tests are applied according to 
Sec. 00, 5, 8, and 0. 

(y) The precipitate ?s- oramie-coloarcd. It consists of 
antimony suljdiide, and indicates the presence of 
antimonij ion. As a confirmatory test the original 
solution is treated with zinc in a platinum basin 
' ' (Sec. 01, 0), and the stage of oxidation in wlm h the 

antimony is present is determined as in Sec. 02, 13. 

^ If ar.senic ion has hc<‘n found thr solution may still contain a cation. 
If the original substance was solubh* in w^ater this can only be an alkali 
metal ion. Tests for this are applied to the filtrati! from the arsenie sulpbide, 
which has previou.sly been boiled to remove the hydrogen sulphide. Jf the 
substance was not soluble m water it is best e,xamine(l by the metliod used for 
mixed compounds. Arsiuiic may also be jiresimt as cation, c.y. in arsenic 
trichloride. Hence, if no other cation has lieen found, the solution is tested for 
halogens according to (73). 
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(6) The precipitate is dark brown. It is stannous sulphide, 54. 
and indicates the presence of divalent tin. As a con- 
tirinatory test a portion of the original solution is 
treated with mercuric chloride, solution (See. 87, 10). ^ 

V (e) The precipitate is brownish-black or black. It may be 55. 
the sulj)}ii{le of lead, divalent mercury, copper, bismuth, 
gold, or platinum. I’o (letermine the point the 
following tests are ajijdied to the original solution : — 

(^/u) Dilute sulpliuric acid is added to a portion of the 
solution. A white precipitate indicates lead ion. 
Potassium chromate is used as a confirmatory 
test (8ec. 72, 12). 

{bh) A portion of the solution is treated with potassium 
or sodium hydroxide solution until the reaction 
is strongly alkaline. A yellow precipitate in- 
dicates mercuric (on. Stannous chloride or metallic 
copper is used as a coidirmatory test (Sec. 71, 

(I and t»)- 

'I’fie picHoncc ot mercuric ion may, as a rule, be 
i(‘<-()gmse(l l)y the fact that the precipitate, which is 
formed on the addition of hydrogen sulphide water, 
d(;es not beeom'' black immediately, but only after 
the luldition of excess of the })recipitant docs it 
cbangc successively through white, yellow, and 
orangi' into black (Sec. 74, 3). In the case of very 
acid solutions the ti'st with jiotassium and sodium 
liydroxide solution is not applicable (8ee. 74, 4). 

(('(;) Exci'ss of ammonia solution is added to another ^ 
portion. A bluish precipitate, which dissolves 
to an azure blue solution in exc.ess of ammonia 
solution, or a blue solution without a precijiitate, 
indicates cupric ion. Potassium ferrocyanide is 
used as a conlirinatory test (8cc. 75, 10). 

{d(l) If a. white precipitate insoluble in excess «if jini- 
nionia solution has bcmi obtaimal in fee), a portion 

* If a brownish-black jirecipitatc of bismuth sulphide appears to ho brown, 
a mistake may he made here, sinco m the test with mercuric chloride a white 
jirocipitato of bismuthyl chloride may be obtained. If the liquid is rendered 
strongly acid with hydrochloric acid, this precipitate is not formed, wdiorcas 
stannous compounds give a precipitate witli mercuric cliloridc, oven under these 
conditions. Moreover, tho grey precipitate of metallic, mercury, which a 
solution containing stannous ion gives with mercuric chloride, is not obtained 
w'ith a bismuth solution. 
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of this precipitate is dissolved on a clock glass in 
one or two drops of hydrochloric acid diluted with 
two drops of water, and more water is added to 
the solution. If a milky turl)idity is produced it 
may he due to bismutliyl chloride, and the presence 
of hisinuth ion is indicated. i As a coidirmatory 
test a few drops of the original solution are treated 
with a sodium hydroxide solution of stannous 
chloride (Sec. 76, 11 ). 

(cc) A portion of the original solution is treated witli 
ferrous sulphate solution. A tine thrown metallic 
precipitate indicates the ions of (jold. As a con- 
firmatory test the precipitate is lieated before tlie 
blow])ipe, or the original solution is tested with 
stannous chloride (Sec. Si, 8 , /). 

(Jl) Ammonium chloride and alcoliol are added to a 
jiortion of the original solution, <-oncentrated hy 
evaporation if necessary. If a yellow crystalline 
jirecipitate is formed the jiresenee of jdalinvni 
Ion IS indicated, ('onlirmation is obtained by 
igniting this jirecipitate (Si'c. 80 , (>). 

56 . 3. A portion of the original solution is tri'ated with ammonium 

chloride,- then with ammonia solution until the reaction is 
alkaline, and finally (whether or no ammonia produced a pre- 
cipitate) with a little ammonium sulphide, and gently heated if 
no preci])itate was formed in the cold. 

(a) No precipitate is formed. The analysis is continued at (62), 
for -iron, cobalt, nickel, manganese, zinc, chromium, 
^ aluminium, and silicate ions cannot be jiresent.^ 

1 If bismuth ion is not fouiul, the white i>recipilato jaoducod by ammonia 
indicates mercuric or h^ad ion, wliicli lias escaped detection in [aa) or {bb), and 
special tc-sts for wliich should now be applied. 

2 In order to prevent the ammonia precipitating any magnesium ion that 
may be present. 

’•T/lis is only conclusive as regards aluminium ion and the ions of many of 
the heavy metals mentioned, when organic substance.s, and especially non- 
volatile organic acid.s, are not ])resent, since such substances by forming com- 
plex ions may influence or prevent the, precipitation not only of aluminium 
and chromic ions but al.so of manganous ion (e/. »Sec. 5S, 5). If, therefore, the 
original substance contains organic substances, and the preliminary examination 
indicates the presence of a metal of the third or fourth group, a iiortion of the 
substance should be fused with sodium carbonate* and nitrate, the fused mass 
treated with water, heated with hydrochl<»ric acid, tin* lupiid llltered, and the 
filtrate tested according to (56) (r/. Chap, ill , No. 3!), J). 
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(h) A precipitate is formed. 

(a) It is black. This indicates ferrous, ^ nickel, or cobalt 57 . 
ion. A small part of the original solution is treated 
with potassium or sodium hydroxide solution, 

{aa) A dirty greenish- white precipitate is obtained, 
which soon becomes reddish-brown in the air. 
and when boiled changes to grey or black. This 
indicates ferrous ion. A confiianatoiy test is 
made with potassium fcrricyanide (Sec, 01, 10), 

(hh) A pale green precipitate is obtained, whicli does 
not change in colour either in tlie air or when 
boiled. This indicates nickel ion. A confirma- 
tory test is made with ammonia solution, followed 
by sodium or potassium hydroxide solution, or 
with dimetliylglyoxine (Sec. .o9, 8, 18), 

(cc) A pale blue precipitate, becoming light red or 
discoloured and browjiish when boiled, indicates 
cobalt ion. A oonfirmatoj}' test is made by means 
of borax beads (Sec. GO, 24). 

(j8) 1 1 is not blmk. gg 

{aa) If it is flesh-coloured, it is manganese sul[)liide, and 
indiciates fhe presence of naonjanous ion. As a 
confirmatory test sodium hjalroxide is added to 
the original solution, or the original substance is 
fused with sodium carbonate, or oxidised to 
[)crnianganale ion (Sec. 58, G, 19 and 13). 

(bb) If it is bluish-green it is chromic hydroxide.'^ For 
confirmation the original solution is teeated with 
sodium hydroxide or tlu' substance is fused into 
an alkali phos])hatc bead (Sec. 41, 4 and 13). 

{cc) If it is white ^ and does not dissolve when heated gg 
with more ammonium 8ul])hide it may be 

1 Fori’ic ion must Jiave already boon deteotod in (5J ). If it was overlooked 
thoro a ro<M)riiv\ n prooipitate. i.s produced iminodiately with sodium hydroxide. 

® Under certain conditions manganous ion may also he j)recipitatod as green 
manganous sulpliido (8ec. .*58, 5), 

^ If thc! ammonia or ammonium sulphide solutions u.sed contain ammonium 
carbonate, or tlm ammonium sulphide solution contains sulphate, any pro- 
cipitatt* formed may also be tho carbonate or sulphate of an alkali metal. In 
doubtful cases tho reagents should bo tested with barium chloride and only 
used if they remain clear (Chap. III., No. 40). 

* A white jirocipitato produced by ammonium sulpliido and dissolving 
when heated with excess of tho precipitant would be sulphur, which would 
bo precipitated by the action of a substance such as a fcrricyanide, capable 
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aluminium hydroxide, zinc sulphide, or silicic acid. 
The last, in so far as it was originally a substance 
soluble in water, will have been })resent in the form 
of an alkali silicate. For fuither differentiation 
a portion of the original solution is cautiously 
treated with sodium hydroxide, and if a precipitate 
forms on standing, more sodium hydroxide solution 
is added to dissolve it. 

(aa) If no precipitate is produced by sodium 
hydroxide there is reason for testing for sibcatc 
ion. For this purpose a portion of the 
original solution is evaporated to dryness 
with excess of hydrochloric acid and the 
residue treated with hydrochloric acid and 
water (►Sec. 115, 3), which leaves silicon 
dioxide undissolved. The alkali cation, which 
dissolves, is identified according to (66). 

(Pj8) If a precipitate is produced by sodium 
hydroxide solution and re-dissolves in excess 
of the precipitant, a little hydrogen sulphide 
water i is added to a portion of this alkaline 
liquid. A white precipitate indicates zinc 
ion. As a confirmatory test a portion of the 
original solution is treated with potassium 
fcrrocyanide (Sec. 57, 14). If no precipitate 
was produced by hydrogen sulphide, hydro- 
chloric acid is added to the remainder of the 
alkaline liquid until the reaction is distinctly 
acid, and then ammonia solution until it is 
just alkaline, and the liquid is heated. A 
white precipitate, which is insoluble even on 
the addition of more ammonium chloride, 
indicates alundnium ion. As a confirmatory 
test the precipitate is separated, washed, and 
heated with cobaltous nitrate solution in the 
blowpipe flame (IScc. 40, 12). 

of decomposing ammonium sulphide in alkaline solution ; this might have 
been overlooked in (51). 

1 That is to say, only in such quantity that there still remains a considerable 
excess of sodium hydroxide. If an excess of hydrogen sulphide water were 
added, a white precipitate of almmnium hydroxide might also bo produced 
m sodium aluminate solution. 
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Note to (58) and (59). 

Since very small quantities of impurities render the colours of 
the precipitates mentioned in (58) and (59) uncertain, the following 
method of detecting manganese, zinc, aluminium, and chromic ions 
ma^ } used under such conditions. 

A ])ortion of the original solution is carefully treated with sodium 
hydroxide solution, first in small quantity and then in excess. 

(««) No 'precijiitule is fanned. This indicates silicic 61 . 

mid. The course outlined in (GO, aa) is followed. 

{hh) A white precipitate is formed, which does not 
dissolve in excess of the precipitant, and soon 
becomes brownish-black in the air. This indicates 
manganous ion. As a confirmatory test the sub- 
stance is fused with sodium carbonate (Sec. 58, 19). 

(cc) A precipitate u fanned, which dissolves in excess 
of sodium hydroxide solution. This indicates 
chroniw, aluniininm. or zinc ion. 

(aa) A portion of the clear alkaline liquid is 
treated with hydrogen sulphide water (but 
only in such (juantity that there is still a 
considerable excess of sodium hydroxide). 

A white ]»rccipitate indicates zinc ion. As a 
confirmatory test a portion of the original 
solution is treated with sodium carbonate, 
and the resulting precijiitate washed and 
tested with cobaltous nitrate (Sec. 57, 9 
and 19). 

(PP) If the original solution was green or violet • 
or the alkaline solution appears green, and 
if the precipitate jnodiiced by sodium 
hydroxide solution and dissolving in excess 
of the jirecipitant was bluish-green, chromic 
ion is present. (\)nfirmation is obtained by 
boiling the alkaline solution or by meads bf 
alkali phosphate beads (8ec. 41. 4 and 13). 

(yy) The alkaline solution is treated with hydro- 
chloric acid and then with ammonia solution 
(Sec. 60, jSjS, last ])aragraph) and heated. 

A white ])recipitate which does not dissolve, 
even on the further addition of ammonium 

37 
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chloride, indicates aluminium ion. As a 
confirmatory test the washed precipitate is 
heated with cobaltous nitrate solution before 
the blowpipe (Sec. 40, 12). 

62. 4. A portion of the original solution is treated with ammonium 

chloride, ammonia solution ^ until the reaction is alkaline, and 
ammonium carbonate, and gently heated. 

(a) No precipitate is formed. This indicates the absence of 
barium, strontium, or calcium ion. The analysis is con- 
tinued at (G4). 

63. (&) A precipitate is formed. The presence of barium, strontium, 

or calcium ion is indicated. 

The precipitate is filtered off, washed 2 and dissolved 
in dilute hydrochloric acid, the solution evaporated to 
drjmess, the residue heated with a little water, the liquid 
filtered, and a portion of the filtrate treated with an equal 
volume of calcium sulphate solution. 

(a) No turhidity is producedy even after 5 to 15 minutes. 
Calcium ion is indicated. As a confirmatory test a 
portion of the original ^ solution is boiled with a 
concentrated solution of ammonium sulphate, the 
liquid filtered, and the filtrate tested with ammonium 
oxalate (Sec. 36, 3 and 5). 

(j8) No turhidity is produced at first, Imt the solution heoomes 
turhid after some time. Strontium ion is indicated. 
A portion of the original solution is treated with hydro- 
chloric acid and evaporated to dryness, and the colora- 
tion imparted to a flame by the residue determined 
(Sec. 35, 10). 

(y) A precipitate is formed immediately. Barium ion is 
indicated. Confirmatory tests with silicohydrofluoric 
acid or potassium chromate are applied (Sec. 34, 
fl and 9). 

t ' <016 liquid must remain Clear, otherwise more ammonium chloride must 
be added. 

• If the substance was insoluble in water (Sec, 100, 84, a) the precipitate 
produced by ammonium carbonate is boiled, before the treatment with hydro- 
chloric acid, with excess of sodium carbonate solution, because otherwise this 
precipitate might under certain conditions be, not the carbonate, but the borate 
or an organic salt of an alkaline earth metal. 

• If the original substance was dissolved, not in water, but in acid (c/. 84, a), 
the remainder of the solution which is to bo tested Jwith calcium sulphate 
according to (63) is used instead of the original solution (see footnote 2). 
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5. The solution tested in (62), in which ammonium carbonate pro- 64. 

duced no precipitate, is treated with sodium ammonium hydrogen 
phosphate, a little more ammonia solution added, and the sides 
of the vessel gently rubbed with a glass rod. 

(a) No 'preeijntate is formed. The absence of magnesium ion 

is indicated. The analysis is continued at (65). 

[h) A cnjstaUwe frccipitaie is formed. Magnesium ion ^ is 
indicated. 

6. A small portion of the original solution is eva])orated in a platinum 65. 

or porcelain basin, and the residue gently ignited. Should 
carbonisati(jn occur, owing to the [U'csence of organic sid)stances, 
the heating is continued at a moderate temperature for some 
time, the carbonaceous mass extracted with hot water, the 
liquid filtered, the filtrate evaporated, and the residue gently 
ignited. 

{a) No residue is left. In that case a test is made for ammonium 66 . 
ion, by adding calcium hydroxide to the original solution, 
and noting whether gaseous ammonia is liberated ; it may 
be identified by its odour, by the fumes it produces with 
acetic acid, and by its reaction on moistened test paper 
(Sec. 30, 4). 

(b) A non-volatile residue is left. This indicates potassium or 

sodium ion.^ A portion of the original solution is treated 
with ])latinohydrochloric acid or sodium hydrogen tartrate 
or, if borate ion is pre.sent, with perchloric acid (Sec. 28, 

4 and 5), the tube well shaken, and its sides rubbed with 
a glass rod. If the solution has an alkaline reaction it 
must first be neutralised with hydrochloric acid (if dilute 
it must be concentrated by evaporation) ; and if an organic 
acid is present, the residue obtained in (65) is dissolved in 
a little water, and the solution divided into two parts, 
one of which is acidified with hydrochloric acid and tested 
with platinohydrochloric acid. 

^ I’ho crystalline nature of the precipitate can easily bo recognised ij it^ia 
allowed to stand fur some time, and the test-tube then closed and inverted. 

The small crystals will then be found upon thcesidos of the tube. Afiocculcnt 
poicipitato may be due to nluminium ion, overlooked in (59) or (60). 

2 If an anion of an acid which does not volatilise when heated is present 
{e.g. phosphoric acid, boric acid), or of an acid such as hydroferrocyanic acid, 
which is decomposed on ignition, but leaves a residue, this conclusion cannot 
bo drawn, since under such conditions oven an ammonium salt does not 
volatilise completely. If there is reason to assume that this is the ease, a test 
is made for ammonium ion as in (60, a), and if the result is negative for potassium 
and sodium ions, as in (60, b). 
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(a) No precipitate is obtawed even after 10 to 15 minutes. 
Sodium ion is indicated. As a confirmatory test 
dipotassiiim dihydrogen pyroantimonatc is added (in 
the presence of an organic acad, not to the original 
concentrated neutral or alkaline solution, but to the 
second })ortion of the solution of the residue from the 
ignition), or the flame coloration is noted (Sec. 29, 
o and ()). 

(^) A yellow or white crystalline precipitate is obtained. 
'this indicates potassium ion. (Confirmation is obtained 
by means of sodium hydrogen tartrate or ix'rcliloric 
acid, or by means of the flame coloration (Sec. 28. 
4, 5, and 11). 


Simple Compounds. 

A. Substances soluble in water. 

Detection of the Anion. 

1. Inorganic Anions. 

Skc. ]:>8. 

General Survey. 

In so far as it is necessary to test for the prescmc.e of anions which 
have not already been detected in testing for the cation, successive 
tests should be applied by means of the grou]) reagents- barium 
chloruk (for sul})hate ion), calcium chloride (for members of the 
‘ third division of the first group), and silver nitrate (for the second 
group of anions), and finally by means of separate reactions distinc- 
tive of borate ion or of the anions of the third grou[). 

Special process. 

It is necessary to consider first of all which anions may accompany 
the cations which have been detected in the substances soluble in 
water (cf. Appendix IV.), and to bear these in mind in the following 
scheme of examination, as well as in connection with the results of 
the ]jreliminar}’ tests. 

07. 1, Arsenite and arsenate ion, and also silicate ion, will already have 

been found in testing for the cation (52), (60). 

08. 2. The jiresence of exirbonate ion, sulphide ion, chromate ion. and 
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ferricyanogen ion will also have been detected in the above 
described process of testing for the cation. The two first may 
be recognised by effervescing on the addition of hydroehloric acid ; 
the escaping gases, carbon dioxide and hydrogen sulphide, may 
ni'adily be distinguished l)y their odour, whilst, if necessary, 
the presence of carbon dioxide may be conlirmed by jneans of 
lime water (Sec. 114, 4 and 5), and that of hydrogtm sulphkhi 
by means of lead acetate solution (Sec. 124, 4). These reagents 
may also be used for the detection of free hydrogen sulphide 
and free carbon dioxide in aqueous solution. The presence of 
chromate ion and ferricyanogen ion is indicated by the separa- 
tion of sulphur and change of (;olour on the addition of hydrogen 
suli)hide water (51, footnot(i). A solution of a lead or silver 
salt is used as a conlirniatory test for chromate ion (Sec. 101, 

8 and 7), and ferrous sul|)hate to conlirm the presence of ferri- 
cyanogen ion (Sec. 122, 2). 

5. A [)ortiou of the aqueous solution (diluted sullicicntly with water 69 . 
if concentrated) is acidified with hydrochloric acid, or with 
nitric acid if silver or mercurous ion has been detected, and 
treated with liarium chloride or nitrate. 

(u) The liquid re nut ms clear. This indicates the absence of 
sulj)hate ion. Th(‘ examination is continued at (70). 

(5) A finely pulverulent ir/iite preeipitate is obtained. This 
indicates sulphate ion. The prcci])itate must remain 
insoluble even on the addition of more hydrochloric or 
nitric acid.^ 

1. iVnothcr [lortion of the solution, which if acid has been rendered 70 . 
neutral or slightly alkaline with ammonia solution, and filtered • 
it necessary, is treated with calcium chloride solution, diluted 
with 4 to 5 parts of waiter. 

(a) No preeipitate is formed. This indicates the absence of 
jihospliate, oxalate,- and fluorine ions, and of any 
considerable quantity of borate ion. The analysis is 
continued at (73). • • 

^ A crtistallim white precipitate may be produced by barium chloride or 
nitrate if the lupiid is stromjly acid and a relatively largo amount of the barium 
salt polutien has been addecl ; it disstilves on diluting the liquid with a largo 
quantity of waU^r. 

If the cation sliould be chromic or ferric ion, the non-occiirronco of a 
precipitate on the addition of calcium chloride does not prove that oxalfite 
ion is absent (Sec. 112, end of 4, p. In this case a portion of the original 

substance should be tested for oxalic acid by means of concentrated sulphuric 
acid, or sulphuric acid and nianganoBO dioxide (iSec. 110, 9 or 10). 
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(b) A precipitate is fmmed. An excess of acetic acid is im- 
iiiediately added. 

71. (a) It dissolves readily. This indicates phosphate or borate 

ion. A 23ortion of the original solution, which if acid 
is rendered slightly alkaline with ammonia, is treated 
with magnesia mixture (p. 342, footnote 1). A 
crystalline precii)itate indicates the presence of 
phosphate ion (Sec. 197, 7). A test for borate ion is 
made as in (76). 

72. (iS) The precipitate does not dissolve, hut the liquid appears 

milky even after the addition of acetic acid, and the 
precipitate is pulverulent. This indicates oxalate 
ion. As a confirmatory test the original substance 
is treated with manganese dioxide and sulphuric acid 
(Sec. 110, 10). 

(y) The jrrecipitate dissolves ivith difficulty ami usually 
incompletely, and the insoluble portion is transparent 
and jlocculent. This indicates jiuorine ion. Its pre- 
sence is confirmed by its etching action on glass (Sec. 
Ill, 6). 

73. 5. A fresh portion of the solutioji is acidified with nitric acid and 

silver nitrate solution added. 

(а) The liquid remains clear. This proves definitely the absence 
of chlorine, bromine, iodine, ferro- and ferricyanogen ions, ^ 
also of thiocyanogen ion and probably of cyanogen ion.i 
The analysis is continued at (70). 

(б) A precipitate is formed. 

<74. (ci) It is oranqe-coloured. 'I’liis indicates ferricyanogen ion. 

As a confirmatory test the original solution is treated 
with ferrous sul])hate (Sec. 122, 2). 

(ft it is while or yellowish- white. The precipitate is treated 
with excess of ammonia solution, directly when the 
cation belongs to the first or second groii{), but after 
separation and washing when the cation belongs to a 
higher group. 

75. {aa) It does not dissolve, even on heating. Iodine or 

ferrocyatwgen ion Is indicated. In the forjiier case ^ 

^ Of the soluble cyanides mercuric cyanide in particular is not precipitated ; 
whether this is to be taken into <;on8ideration is indicated by the nature of the 
cation detected ; for the method of detecting cyanogen ion in such cyanides, 
see 8cc. 120, 14. 
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the precipitate is pale yellow, in the latter white 
and gelatinous. The presence of iodine ion is 
confirmed by means of starch paste or carbon 
bisulphide and nitrous acid (Sec. 119, 10 or 12), 
and that of fcrrocyanogen ion by means of ferric 
chloride (Sec. 121, 2). 

(bb) It dissolves with difficulty in the cold, more readily 
on heating. Bromine or thiocyanogen ion is in- 
dicated. The presence of bromine ion is con- 
firmed by testing the original solution with chlorine 
water (Sec. 118, fi), and that of thiocyanogen ion 
by means of ferric chloride (Sec. 123, 3). 

(cc) It dissolves readily, even in the cold. Chlorine or 
cyanogen ion is indicated. If cyanogen is present, 
the original substance will usually have had an 
odour of hydrocyanic acid. As a confirmatory 
test a solution of a ferrous and ferric salt and 
sodium hydroxide solution are added to the original 
solution, and then after a short time the liquid 
rendered acid with hydrochloric acid (Sec. 120, 7). 

If a cyanogen ion was not present, the silver 
precipitate will be due to chlorine ion. A portion 
of the original substance will then yield chlorine 
when heated with manganese dioxide and sul- 
phuric acid (Sec. 117, 7). 

6. To prove the })resence of borate ion, or, under certain conditions, 76 . 

to detect small quantities thereof, hydrochloric acid is carefully 
added to a portion of the original solution until the reaction is 
distinctly a(;id, and a strip of turmeric paper partly di])ped into 
the liquid and dried at 100°. If the moistened half of the paper 
appears brownish-red and when moistened with ammonia 
solution becomes bluish-black, boric acid is present. Confirma- 
tion is obtained by the flame coloration (Sec. 109, C, 7, 8, 
or 9). • • 

7. The })resence of niiralc ion and chlorate ion will usually have been 77 . 

indicated by the preliminary examination (b). The prowsence of 
the former may be confirmed by means of sulphuric acid and 
ferrous sulphate (Sec. 130, 6), and that of the latter by testing 
the solid substance with 8ul])huric acid (Sec. 131, 7). 
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Simple Compounds. 

A. Subfilahcvs soluhlc tn water. 

Detection of the Anion. 

2. Organic Anions. 

Skv. 159. 

General Survei/. 

The deteetion of ori^anic anions by means of the following scheme 
presupposes that hydrogen or an alkali metal or ammonium is ])rescnt 
as cation. If this is not the case, the cation must bo separated. 
Hence in such cases the preparation of the solution precedes the 
actual examination. 

The examination consists in the use of the group reagents calcium 
chloride and ferric chloride, followed by special tests for the individual 
anions. 

In the first place it is necessary to consider what anions may 
occur in association with the cations detected, to form compounds 
soluble in water {ef. A]){)endix IV.), and in the following tests to have 
regard to this as well as to the results of the preliminary examination. 

Prej)ara(ion of the SohUion. 

If the substanc(‘ undfT <'xamination contains the anion to be 
detected in the form of an acid or alkali salt, it is suitable for 
direct examination in accordance with (79), etc., but if another cation 
is present such cation must first be removed. 

In most cases this is effected by boiling tlie siibstaiic-e or its 
concentrated acjueous solution with sodium carbonate solution, and 
filtering off the precij)itat(*d carbonate or hydroxide of the cation 
to be removed. If it is found difficult to sejiarate the lation in this 
way, it may be precifiitated, if it belongs to tlie fiftli or sixth group, 
by adding hydrogen suljihide to the solution acidified with hydro- 
chloric acid, or, if it belongs to the fourth group, by adding am- 
monium sulphide to the ammoniacal solution, the jirec.ipitate filtered 
off, the filtrate acidified with hydrochloric acid if the jirecipitation 
was effected with ammonium sulphide, and the hydrogen sulphide 
removed by heating and shaking the liquid (Chap, III., No. 77). 
Any sulphur precipitated is separated by filtration. 

If a cation of the third group is present which cannot be separated 
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by boiling with sodium carbonate (which may be the case with salts 
of non-volatile organic acids, owing to complex formation), the 
solution is treated with lead acetate, (('H 3 COO) 2 Pb, the precipitate 
(the lead salt of the anion to be detect(id) filtc'red oh, washed and 
(list .'fbuted in water, hydrogen sulj)hide introduced, the lead sulphide 
liltered olf and the excess of hydrogen suljihide removed by heating 
and shaking the filtrate. 

Aluminium ion in such cases may also be precijhtated as aluminium 
silicate by means of sodium silicate (water glass) solution. 

If it is a question of detecting acetate or formate ion, acetic or 
formic aiud may be separated from the cation by distillation of their 
salts with sulphuric acid, and detected in the distillate. 

Actiidl Examination. 

ihunamylate wn will already have been detected, (33, d) or (47), 79. 
footnote 2, p. 570. Hence it need not be taken into consideration 
here. 

1. A portion of the solution, if alkaline, is acidified with hydro- 
^ chloric acid until tlu^ reaction is acid. (If carbon dioxide is 
liberatial tlu'reby. it must lie rcmovc'd by heating and repeatedly 
shaking the solution {Chap. HI.. No. 77). Excessively pro- 
tracted heating should be avokhal to prevent acetic or formic 
acid Ix'iiig expelled.) The acid or neutral solution is rendered 
alkaline by the, addition of ammonia solution, and then treated 
wil h amniomuni chloride and calcium chloride m not too small 
a quantit}'. 

(n) No iJitah' m Jbimnd^ ctrn on shahtaj and (dlowunj the 
li({aid to stand for some time. 3'his indicates the absence 
of oxalate and tartrate ions. The analysis is continued 
at (80). 

ih) A precipitate is formed. 

(a) It is formed onhf after sonm teme. and is crijstallinc. 
Tartrate ion is indicated. Confirmation is obtained by 
testing the behaviour of the washed precipitate tiiwarda 
fresidi/ prepared sodium hydroxide solution, or by 
testing the aqueous solution with potassium acetate 
and acetic acid, or by treating the precipitate produced 
by calcium chloride with resorcinol and sulphuric 
acid (Sec. 134, 5 and 17). 

(j3) It is f or n wd i aimed iatehj and finehj puleendent. Oxa- 
late ion is indicated. Confirmation is obtained by 
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testing a fresh portion of the aqueous solution, acidified 
with acetic acid, with calcium sulphate solution 
(Sec. no, 7). 

80 * 2. The liquid from (1, a) is treated with about three times its volume 
of alcohol, and allowed to stand for some hours in a closed 
flask. 

(а) It renmim clear. No citrate, malato, or suc(;inate ions are 
present. The analysis is continued at (82). 

(б) A while precipitate is formed. This indicates citrate, malate, 

or succinate ions. The precipitate is filtered off, dis- 
tributed in a little water and treated with hydrochloric 
acid, added drop by drop, until solution has just taken 
place, after which the liquid is heated in a fiask with excess 
of ammonia until it is boiling gently, and thoji allowed to 
stand for some time.i 

(a) The lupiid remnas clear. Citrate ion is absent. The 
analysis is continued at (81). 

()3) A heavij white precipitate is formed. This indicates 
citrate ion. As a confirmatory test the lead salt of 
the acid is prepared and washed, and its behaviour 
towards ammonia solution (in which it should diss<.)lvc 
readily) is determined ; or better, the barium salt is 
prepared, and its characteristic microscopical appear- 
ance observed ; or Stahre’s reaction is used (Sec. 136, 

6, 5, and 10). 

81 . 3. A portion of the original solution, or of that j)repared according to 

(78), if not already neutral, is neutralised with ammonia 
, solution or hydrochloric acid, and treated with a little neutral 
ferric chloride solution. If a pale brownish-red precipitate is 
formed, the presence of succinate ion is indicated ; if the liquid 
remiins clear, malate ion is indicated. As a confirmatory test 
the lead salt of the acid in question is prepared, and its properties 
determined {cf »Sec. 137, 6, and »Sec. 138, 6). The malate ion 
' should also be converted into fumaric acid (p. 509). 

82 . 4. A portion of tin; original solution, if not already neutral, is 

neutralised with ammonia solution or hydrochloric acid, and 
treated, at first with a very small, and then with a somewhat 
larger quantity of neutral ferric chloride solution. 

(a) A voluminous, flesh-coloured precipitate is form’d. This 

^ Care should be taken that the Uquid remaiuB alkaline, and, if necessary, 
more ammonia should be added. 
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indicates henzoate ion. For confirmation the original 
substance is tested by Mohler’s reaction (Sec. 141, 9). 

(6) An intense violet coloration is ‘produced. Salicylate ion is 
present. 

(b) The liquid assmnes a fairly intense deep red colour, and when 
boiled yields a light reddish-brown Acetate or 

formate ion is indicated. 

A portion of the original solid substance, or the residue 
obtained by evaporating the solution (which, if acid, is 
first neutralised with sodium hydroxide), is heated with 
concentrated sulphuric acid and alcohol (Sec. 144, 8). 
Acetate km niiiy be recognised by the odour of ethyl acetate. 

Formate ion, the presence of which may be assumed 
when no acetate ion has been found, is recognised by means 
of mercuric chloride and silver nitrate (Sec. 143, 6 and 4). 

Simple Compounds. 

B. Substances insoluble or dissolving with difficulty in hydrochloric or 
nitric acid or aqua regia. 

Detection oi the Cationd 

Se(’. 160. 

(Jeneral Surrey. 

The detection of the cation of a simple compound in a solution 
effected by acids follows essentially the same course as has been 
dcM-rihed in the case of aqueous solutions (Sec. 157). A difi'erence 
occurs, liow ever, ill apjilying the test with umnumia and amnumium 
sulphide, after tlie absence of members of Groups V. and VI. has been 
proved, since from acid solutions not only the cations of the fourth 
group may be precipitated as sulphides, and those of tlie third group 
as hydroxides, but there may also be a ju'eeijutation of the cations 
of the second group as phosphates, borates, fluorides, tartrates, and 
citrates. Hence, on the one hand, if chromic ion has been detected 
it is necessary to test for j)li()S])liate ion, whilst, on the other hand, if 
a white jirccipitatc is produced by ammonia and ammonium sulphide, 
it is necessary to consider whidJu'r it may be not only zinc sulphide 
or aluminium hydroxide, but also aluminium phosphate or one of 
the alkaline earth salts mentioned. 

1 In this scheme attention is also given to certain salts of the alkaline earth 
metals, since those are met with at this stage. 
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It is obvious tliat further tests for alkaline earth metal ions 
must be a|)j)lied to a solution which has given no precipitate with 
ammonia and ammonium sulphide solution, since they juay be 
present in the original substance in comhination with other anions 
than those mentioned above. 

Aclnal Exuintmtlion . 

83» 1. A ])ortion of the solution in hydrochloric or nitih; acid or ((qud 
rvgia is diluted with water,! and the solution, if obtained by 
means of nitric acid, tested for silver, mercurous and large 
amounts of lead ions liy means of hi/droehloric acul, (4(5) to (49). 

If the solution was effected by means of hydrochloric acid or 
aqua reijiar or if no jirecipitate was produced on adding Jiydro- 
chloric acid to a nitric acid solution, a portion of the Iniuid is 
treated with li/jdiogen suliihide water in large excess, and tested 
for the cations of the second division of the fifth, group, for lead 
ion, the cations of the sixth group, and ior ferric ion as in (50) 
to (55). 

If a cation of the tilth or sixtii group has not been found, the 
analysis is continued at (cSl). 

If an ion of a metal whic-li hasditferent vali'iieies has been found, 
it should be noted that solutions which have bei'ii obtained solely by 
means of hydroehlorie acid usuallv contain tlu' metals in the condition 
of valency in which they were present hefoic solution, whereas in the 
ease of solutions obtaim'd by means of nitric acid or aqua regia there 
wdl generally have been a conversion, paitial or eomjilete, from lower 
into higher conditions of valency. Ib'iice, if, for example, an aqua 
regia solution has been prepared, and Icrrie ion, mereuiie ion, stannic ion, 
^ or arsenate ion has been detected therein, a special test is reipiired to 

determine in what condition of valency tlu; metal was originally pre- 
sent, in so far as this question has not been answered already by the 

^ If, on the addition of water, a white turbidity or preoipitat'' is produced, 
the presence of ions of bismuth or antimony (po.ssibly also of tin) is indicated, 
c/. Sec. 76, 3, and Sec. 01, 4 ; also See. 88, 3. The liquid is heated with hydro- 
chl^mi acid until the solution again becomes clear, and the analysis then con- 
tinued at (.50). If the original substance dissolves with some difhculty in hydro- 
chloric acid, the precipitate formed on the addition of water may also bo lead 
sulphate, lead chloride, or silver chloride. It then only re-dissolves with very 
great difficulty. In such cases the oriLinal sulistanco should bo tested as in 
Sec. 103. 

^ If the solution also contains chlorine or nitrosyl chloride a separation 
of sulphur takes place on the additi*)n of hydrogen sulphide, and since this may 
mask a yellow preeijntate of metallic sulphides, a<iuu regia solulioiw Amild he 
healed until they no huger smell of rhlnnne before adding hydrogen sulphide 
water (sec also Chap. Ill,, No. 19). 
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behaviour of the substance towards the solvents. In the case of 
mercury salts, for example, treatment of the solid substance with 
potassium or sodium hydroxide will often give an immediate decision 
on the point, since the reagent precipitates yellow mercuric oxide 
from mercuric salts and black mercurous oxide from mercurous 
splits, whilst the anions may be easily detected in the filtrate. 

2. A [)ortioii of the acid solution is frec'd from enrhon dioxide, if 84 . 
ne(*cssiirv, by heating, and if it only contains a little free acid, 
is treated with ammonium chloride, and is then rendered alkaline 
with aimimnia, and treated with uniinohiwm sulphide, whether 
or no a ^irecipitate was produced by ammonia, and the liquid 
gently heated. 

{(() A })rcc)pi(a(e is vof. produced eifher bp ammonia or hif 
(nmnonium sulphide. This indicates the absence of cations 
of the third and fourth group, ^ and also, if an excessive 
amount of ammojiium salts is not present, the absence of 
the salts of the alkaline earth metals 2 mentioned in (85). 

A jiortion of the acid solution is neutralised with ammonia, 
and tests for the members of (Iroups II. and I.^ are a 2 i])lied 
as in (02) to (05). 

{!)) A precipdafe is formed. 

(a) A hlacl' ]>reci])itatc indicates ferrous, niclel, or cobalt 
ions. They are dilTcrentiated as in (57). 

(^) A Jlcsh-coloured precipitate iudiiaites marujanous ion. 

('(Uifirmation is obtained as in (58. aa).^ 

(y) A bluish-green [U'ecipitate indie, ati's chromic ion. possibly 
also chromic phosphate.*'’ A confirmatory test for 
chromic ion is applied as in (58, hb). To d(*,termine 
whether the chromium is present as phosjihate, the • 
original hydrochloric acid solution is evaporated with 


1 It will be s(>('n by footnote 3, p. 574, tli.at this conclusion is only coinf 
ditionally certain a.s regards aluinininm, chromic (or manganous) ions. 

If small quantities of those salts are di.ssolvcd m a largo amount of hydro- 
chlorir acid, they may remain in solution, even on tho addition of ammonia, 
since tho resulting ammonium chloride ehocLs tho dissociation of the amnfonium 
hydroxide or of tho neutral salts of tho anions m question. The solubihty 
of borates of tho alkaline earth metals is fairly considorablo in tho pro.sonce of 
ammonium salt, so that even fairly large quantities thereof may not be preci> 
pitated by ammonia (c/ Chap. III., No. 72). 

* CJ. also Chap. 111., No. 39. 

* For the sake of completeness wo call attontion to tho fact that under 
certain conditions manganous ion may also bo precipitated as green manganous 
sulphide (c/. Sec. 58, 5). 

® Of. also Chap. ITT , No. 39. 
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nitric acid nearly to dryness, and tested with ammonium 
molybdate (Sec. 107, 10). 

85. (3) A white precipitate may be due to zinc sulphide. If it 

was produced by ammonia alone, it may also consist 
of alummium hydroxide or silicic acid., or of the fhos~ 
])hate, oxalate, horatc, silicate, ot fluoride of an alhaline 
earth metal, or of aluminium phosphate, since all these 
arc insoluble in water, but are sparingly soluble in 
hydrochloric acid, and are precipitated when the acid 
is neutralised (since they are also but slightly soluble 
ill aniinoniuin chloride solution). If organic sub- 
stances are ])resent, a jirecijiitate produced by ammonia 
may also be due to a tartrate or citrate of an alhaline 
ea)lh metal. 

To determine which of these substances is ])resent, the following 
tests are made : — 

86. {aa) If the behaviour of the substance in the pre- 

liminary examination (20) or on solution (33, c) 
pointed to the presence of silicate ion, a portion 
of the hydrochloric acid solution is evaporated 
to dryness, the residue moistened with hydro- 
chloric acid, and water added. Silmc acid, if 
jiresent, remains undissolvcd. The cation in the 
filtrate is identified according to (56) or (62). 

(hh) A portion of the original hydrochloric acid solution 
is treated witli a fairly concentrated solution of 
potassium or sodium hydroxide until the reaction 
is alkaline, and more of the reagent then added 
c to determine wliether any precipitate formed is 

soluble in excess of the alkali hydroxide, and the 
liquid boiled. 

87. (aa) No permanent precipitate is formed. The 

presence of aluminium ion or zinc ion is 
indicated. The clear alkaline liquid is divided 
• • into two portions, and to one of these is added 

hydrochloric acid until the reaction is acid, 
and then ammonia solution until it is just 
alkaline, whilst hydrogen sulphide water i 
is added to the other. A precipitate pro- 
duced by ammonia, which remains insoluble, 

^ See (59, cc, 00, )3j3), footnote 1, p. 570. 
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even after the addition of more ammonium 
chloride, indicates aluminium ion, but a 
precipitate produced by a small amount of 
liifdrofjen sulphide irater indicates zinc ion. 
Whether the aluminium was present as 
phosphate is determined according to (84, h, y) . ^ 
(j3j3) A permanent precipitate is formed. This 
indicates the presence of a salt of an alkaline 
earth metal. The following tests are now 
applied : — 

1 . For phosphate inn and the alkaline earth metal ion accompanying 08 . 

it, by addiiig ammonia solution to the hydrochloric acid solution 
until a ]:irccipitate is formed, and then immediately adding acetic 
acid drop by drop (Chap. III., No. 57, h) until the precipitate 
is just re-dissolved, and finally treating the liquid with sodium 
acetate solution and a drop of ferric chloride solution. The 
formation of a white precij)itato indicates the presence of 
phosphate ion. In that case a little more ferric chloride solution 
is added until the Hijuid is distinctly red, after which it is 
boiled, filtered while boiling hoc, and the alkaline earth metal 
ion, which was originally present as phosphate, is identified in 
the filtrate (which is now free from phosphate ion), after pre- 
ci])itation with ammonia of any ferric ion still remaining in 
solution (02) to (01). 

2. Oxalate ion is detected by mixing a little of the original substance 

on a clock-glass with a few drops of water and a little manganese 
dioxide (free from carbonate), and adding a little concentrated 
sulphuric acid (Sec. 110, It^). Efi'ervesceiice indicates the 
presence of oxalate ion. The cation is identified by igniting a « 
fresh portion of the substance, dissolving the residue in dilute 
hydrochloric acid, and testing the S(dution according to (62) 
to (64). 

3. For the detection of borate ion the dilute hydrochloric acid solution 89 . 

is tested with turmeric paper (Sec. 109, 5), whilst the cation 
combined with it is detected by boiling a little of the orifutal 
substance with water and sodium carbonate, filtering of! and 
washing the preci])i5ated carbonate, and dissolving it in the 
smallest possible quantity of dilute hydrochloric acid, and 
treating the solution in the same way as that obtained in (63), 
or testing it for magnesium ion according to (64). 

1 Cf. also Chap. TIT , No. 67, a. 
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4. A test ioTjluorim> wn is made by heating a portion of the original 

substance, or of the precipitate produced in the hydrochloric 
acid solution by ammonia, with sulphuric acid (See, 111, 6). 
After separation of the fluorine ion, the alkaline earth metal 
ion now remaining in the residue as sulphate is identified by 
treating the residue with hydrochloric 'acid, and testing the 
solution for calcium ion according to (62), and, if necessary, for 
magnesium ion according to (64). If neither is found, the 
residue insoluble in hydrochloric acid is tested according to 
Sec. 163 for barium or .strontium ion. 

5. Tests are made for tartrate, and citrate ions (wliich can only be 

})resent if the substance carbonised when ignited in a glass 
tu])e), and the cation in combination therewith is detected by 
boiling the original substance with a solution of sodium car- 
bonate, and filtering tlie liquid. By this means the alkaline 
earth carbonate is left on the filter, whilst the anion is obtained 
in the filtrate. The ])rcci[>itate is examined according to (63) 
and the filtrate according to (79). 

Simple Compounds. 

B, Substances insoluble or dissolviwj loith dijfwdtij vi water, hut 
soluble in acids. 

Detection oi the Anion. 

1. Inorganic Anions. 

Sec. 161. 

General Survey. 

In this case it is advisable to take into consideration, from the 
results (jf the solubility tests and the ])reliminaiy examination, what 
anions may be associated with the cations detected, and then to 
apply tests for the individual anions in the following order : — 

, • Process in detail. 

90.1. Chlorate ion cannot be present, for all the chlorates are .soluble in 
water. Nitrate ion, whi(;h may be present in the form of a 
basic salt, will already have been detected by ignition in a glass 
tube (8, cc), as will also cyanoycn ion (S,yff). The latter will also 
u-sually have been identified in the course of solution (.33, g). 
With regard to cyanogen compounds insoluble in water, see 
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Sec. 18(). The presence of silicate ion will have been indicated 
in the test with alkali phosphate (20), or in the course of solution 
(33, c). As a confirmatory test the hydrochloric acid solution 
is evaporated to dryness and the residue treated with hydro* 
chloric acid and water (Sec. 115, 3). 

2. Arsenite and arsmafe ioti,^ carbonate mi, chromate ion, ‘diA sulphide 91 . 

ion will already have been detected in the ])reliminary examina- 
tion, in the course of solution, or in te.sting for cations. Thus 
the presence of chromate ion will have b(‘en indicated by the 
red or yellow colour of the compound, by the evolution of 
chlorine on boiling with hydrochloric acid (33, c), and by the 
subsequent detection of chromic ion in the solution. Con- 
firmation is obtained by fusing the substance with sodium 
carbonate (Sec. 101, 11). 

3. A portion of the substance is boiled with nitric acid. 

(a) If nitric oxide gas is evolved and sulphur separates, the 92 * 
presence of a sulphide is (;onfirmed. 

{b) If violet vapours are evolved, the compound is an iodide.- 
(c) If reddish- l)rt)wn vapours with an odour resembling that of 
chlorine are produced, the j)resence of a bromide may be 
inferred. 2 In this case the vapours impart a }'ellow 
coloratioji to moist starch (Sec. 118, 8). 

I. A ]jortio]i of the nitric acid solution, previously liltcri'd if any 93 . 
insoluble residue has been left after tin; treatment with nitric 
acid, is diluted, and treated witl*»8ilver nitrate. A whiter ])re- 
cipitate, soluble after washing in ammonia solution and melting 
without decomposition when heated, indicates chlor'inc ion A 
5. A portion of the substance is boiled with hydrochloric acid, the 94 . 
solution filtered, if necessary, diluted with water, and treated * 
with barium chloride. If a white ])recipitate is formed, which 
does not disajipear on the addition of a large amount of water, 
a sulphate is present. 

0. Tests for borate ion arc aj)plicd as in 8ec. 109, 5, 7, 8, or 9. 95 . 

7. If none of the anions mentioned above has been found, there is 
reason for concluding that phosphate, oxalate, or jluorine wh is 
present, or that an anion is absent. The presence of oxalate 

^ Hydrogen suipliido is the best reagent for distinguishing between arsenito 
and arsenate ions in compounds whicli are insoluble in water, but dissolve 
in hydroohlorio acid. 

“ Sometimes, especially in the case of mercurous iodide, bromide, or chloride, 
the halogen ions may be detected more readily by boiling the substance with 
potassium or sodium hydroxide solution, and testing the filtrate accordmg to (73). 

38 
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ion will usually have been indicated in the preliminary examina- 
tion (8, ee). Since phosphate ion will already have been detected 
if it was in combination with an alkaline earth metal, aluminium, 
or chromic ion ; fluorine ion if in combination with an alkaline 
earth metal ion ; and oxalate ion when combined with barium, 
strontium, or calcium ion (84) to (89), it is only necessary to 
test for these cations when another cation has been found. 
For this purpose the cation is precipitated by boiling the acid 
solution with excess of sodium carbonate, and the liquid filtered. 
If this does not effect the end in view, the cation should be 
precipitated with hydrogen sulphide if it belongs to Groups \' . 
or YI.. or with ammonium 8uli)hide if it belongs to Grou]i lY,, 
and the liquid filtered. If the cation has been jirecipitatcd 
with ammonium sulphide, the filtrate is acidified with hydro- 
chloric acid, and. whichever preci[)itant was used, the liquid 
is boiled to expel hydrogen sulphide, and, if necessary, filtered. 
A portion of this solution is tested for oxalate and phosphate 
ions according to (70) and (7*2), after acidification with hydro- 
chloric, acid, and boiling to remove carbon dioxide if it contains 
sodium carbonate, whilst fluorine ion is diitected by treating 
the liquid with calcium chloride and ammonia solution, and 
testing the separated and washed })recipitate according to 
fSec. Ill, 6. If the cation was aluminium, chromic, or magne- 
sium ion, a test for jfliosphatc ion is ajiplied a(^cording to Sec. 107, 
10 ; for oxalate ion by means of manganese dioxide and sulphuric 
acid (Sec. 110, 9) ; and for fluorine ion by means of sulphuric 
acid (Sec, 111, 6). 


Simple Compounds. 

B. Suhstamvs imoluble or dissolviwj with diffividiy in wiUcr, but 
soluble in acids. 

Detection of the Anion. 

2. Organic Anions. 

Skc. 102. 
iiencral Survey. 

In this case the examination follows essentially the same, course 
as that of substances soluble in water after the anion has been dis- 
solved as a sodium salt by boiling the substance with sodium 
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carbonate solution, or after the cation has been separated and an 
aqueous solution obtained by another method. Only in the case of 
certain tests is an indication given beforehand by the results of the 
solubility test, the preliminary examination, and the examination 
for Nations, as to what anions may possibly be present. 


Process in detail. 

1 . Formate ion cannot be present, since its salts are all soluble in 96 . 

water. 

2. Acetate ion will already have been easily recognised in the pre- 

liminary examination by the evolution of acetic acid or acetone 
on heating the substance in a glass tube (10). Confirmation 
is obtained by means of sulphuric acid and alcohol (Sec. 

144, 8). 

3. Cinnamijlale ion, and, as a rule, also benzoate ion and salicylate ion, 

may be ixicogntscd at once by the fact that the acids separate 
in crystalline form on dissolving the substance in hydrochloric 
acid, or on cooling tlie hydrochloric acid solution. As con- 
firmatory tests tlic precipitate is filtered off, washed with a 
littb^ water, and dissolved in watc'r coiitaining a little ammonia, 
and the neutral solution treated with ferric chloride solution 
(Secs. 139, 4 ; 141, 3 ; and 142, 7). To determine whether 
ciimamylate ion or succinate ion is pre.sent, a test is made with 
calcium chloride and with manganous chloride (Sec. 139, 5 
and 3). 

4. A portion of the substance is boiled for a considerable time with 97 . 

excess of sodium carbonate solution, and the liquid filtered while ^ 
hot. In most cases any organic acid ]>resent will be contained 
in the filtrate as a sodium salt. The filtrate is slightly acidified 
with hydrochloric acid, the carbon dioxide expelled by heat, 
and the liquid then tested as described above (Sec. 159). In 
the presence of cations of Group IV., and also of lead ion, this 
method does not effect complete separation. In such eKC)*p- 
tional cases ammonium sulphide is added to the filtrate, after 
the boiling with sodium carbonate, until the cation is precipi- 
tated, and the liquid again filtered and tested as described 
in (78). 
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Simple Compounds. 

C. Siihsiaticcs imoJuble or dissolving with diffioiilty in hydrochloric 
acid, nitric acid, and aqua regia. ^ 

Detection of Cation and Anion. 

Sec. 163. 

General Survey. 

Insoluble substances may be classified into three sub-divisions : 
insoluble elements, lead an<l silver compounds, and the compounds 
of the earths and alkaline earths, to which may also be added silicon 
dioxide and stannic oxide. 

The members of the first ^rou]). carbon and sulphur, may be 
recognised by their a])pearance, or will liave been detected already 
in the preliminary examination, so that they need only be identified. 
This also ap])iies to chromic oxide. 

The two other groups are dillerentiated by their behaviour on 
treatment with ammonium sidphide, J^ead and silver compounds 
turn black, wliilst the others remain white. 

If a substance belonging to the second or tliird sub-division is 
present, and its nature lias not been ascertained by means of special 
reactions, it is decom])osed liy fusion with potassium and sodium 
carbonates in a porcelain or jilatinum crucible, and the residue 
treated with water. The anion is then detected in the solution, and 
the cation in the residue insoluble in water. 

Process m detail. 

c 

98 . The only substances of frequent ocauiTence which have to be taken 
into consideration in tlie following jiages are barium, slrord.ium, and 
calcium sulphates, calcium jiuoride, silicon dioxide, aluminium oxide, 
either strongly ignited or of natural occurrence, lead sulphate, chloride, 
and bromide, silver chloride, bromide, iodide, and cyanide, stannic 
oxides (ignited and of natural occurrence), ignited chromic oxide, and 
lastly sulphur and carbon. With regard to siinjile silicates, reference 
may be made to Sec. 1<S1, and with regard to ferro- and ferric}unides 
to Sec. 181). The jireliminary examination, and often also the 
behaviour on treatment with solvents (8, gg), (20), (33, c and g), will 
indicate whether such substances have to be taken into consideration. 

‘ If organic acids arc ])rescnt, tlic. substance insoluble in acids may 1)0 cin- 
namic acid. With regard to its identification, h(!C (IW, d). 
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Calcium sulphate and lead chloride arc not insoluble in water ; 
lead sulphate (and silver chloride) may be dissolved in a large amount 
of hydrochloric acid. These compounds, however, are so sparingly 
soluble that they are seldom com])letely dissolved, and they are, 
theneforc, again dealt with, so that, if by chance they have escaped 
detection in the examination of the aqueous or acid solution, they 
may be found at this stage. 

1. Free sulphur must already have been recognised in the preliminary 

examination (9, aa) or (11). 

2. Carbon is usually black, and is insoluble in aqua regia ; it burns ^ 

on platinum foil which is heated from beneath, and when fused 

with potassium nitrat(‘- yields potassium carbonate. 

3. Chromic oxide is green or blackish-green, and must already liave 

been recognised in the bead test with alkali phosphate in (18). 

•1. Ammonium sulphide is poured over a small (piantit}' of the 99 . 

substance. 

{(() The substance beeouies black.“ This indicates tlie presence of 

a lead or silver salt. 

(a) It melts without decomfositum in a small tube (3). This 
indicates lead cJdoride or bromide, or silver chloride, 
bromide, or iodide. One part of the com])ou])d is fused 
witli four ])arts of sodiuni and })otassium carbonates 
in a small ])orcclain crucible, the mass cooled and ])oiled 
with water, the extract filtered, and the filtrate tested 
for cMorihc, bromine, and iodine ion according to (73), 
whilst the residue, which is either metallic silver or 
lead oxide, is dissolved in nitric acid, and the solution 
tested according to (16). 

(/3) When heated in a glass tube it evolves eganogen, and leaves * 
a residue of metallic silver. The presence of silver 
eganide is [iroved. 

(y) It does not change ivhen ignited in a glass tube. It is 

lead sulphate. A portion of the substance is boiled 

with a solution of sodium carbonate, the liquid filtered, 
and the filtrate'- acidified with hydrochloric acid, and 
tested for sulphate ion with barium chloride, whilst 
the residue is washed and dissolved in nitric acid, and 

1 Oraphito can only be completely burned when strongly heated in a current 
of oxygen. 

A slight darkiming, due to the presence of an impurity, usually a small 

amount of an iron compound, is not to be regarded as blackening, and is to be 

ignored. 
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the solution tested for lead ion by means of hydrogen 
sulphide and sulphuric acid (Sec. 72, 4 and 11). 

. (h) The substance remains white. This indicates the absence of 

a lead or silver salt. 

(a) A portion of the substance is tested for stannic oxide 
by heating it in the lower reducing flame with a borax 
bead coloured slightly blue with cupric oxide (Sec. 87, 
18). If the bead becomes reddish-brown or ruby-red, 
a confirmatory test for the presence of stannic oxide 
is made by reducing a little of the substance with sodium 
carbonate and ])otassium cyanide, or with sodium 
formate (Sec. 87, 17). 

(P) A small portion is intimately mixed with finely ground 
(|uartz powder, and the mixture moistened with a few 
droj)s of concentrated suli)huric acid in a small crucible, 
which is then qcriHy heated on an iron plate or a small 
sand bath. (Direct heating with a burner may easily 
lead to eiToneous conclusions.) 

(aa) White funies of silicon Jluoride are developed, which 
redden moistened lit)nHs ‘paper ^ and produce a 
turhiditij, due to separated silicic acid, in a drop 
of ammonia solution held over the crucible. This 
indicates calcium jluoride. A little of the finely 
ground substance is decomposed with sulphuric 
acid in a platinum ci‘uci})Ie, and the presence of 
fluorine ion confirmed by its etching action on 
glass (Sec. Ill, G). The residue is boiled with 
hydrochloric acid, the solution filtered, and the 
filtrate neutralised with ammonia, and tested 
for calciu7n ion by means of ammonium oxalate. 
(65) Fumes ivhich redden litmus paper, and produce a 
turbidity in a drop of ammonia solution suspended 
over them, are not developed. A small portion of 
the very finely ground substance is mixed with 
four times its quantity of sodium and potassium 
carbonates, and the mixture fused in a ])latinum 
crucible. The fused mas.s is boiled with water, 
and the liquid filtered from any residue, which is 

^ An acid reaction by itself is no proof of the presence of calcium fluoride, 
since it may be due to sulphuric acid, if the mixture has been heated somewhat 
too strongly 
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then washed. The filtrate is acidified with hydro- 
chloric acid, and divided into two portions, one of 
which is tested for sulphate ion with barium 
chloride, and the other (if sulphate ion is not 
present) for silicate ion by evaporating the acidified 
liquid (Sec. 115, 3). If no silicate ion is found, 
the residue from the evaporation is dissolved in 
hydrochloric acid, and tested for aluminium ion 
l)y means of ammonia solution. 

If pure .silicon diojidc wan present, the mass 
ol)<ained l>y fusion with sodium and ])otassium 
carbonates must have dissolv(‘d to form a clear 
solution, but if silicates were also j)resent, their 
cations will have been left as insoluble oxides or 
carbonates, and may be further examined, see 
Sec, 181. In the presemie of aluminium oxide, a 
(^lear solution of the fused mass in water is only 
to be expected, when a large amount of sodium 
and potassium carbonates have been used at a 
high temperature. 

If sulphate ion was found, the carbonate of the 
alkaline earth metal present will remain on the 
filt(‘r. It should be thoroughly washed and dis- 
solved in dilute hydrochloric acid, the solution 
evaporated to drvness, the residue treated with 
water, and the chloride solution ti'sted for barium, 
strontium, and calcium ions in the same way as 
that obtained in (03). 

Mixed Compounds^ 

A. Substances soluble and insoluble in water, but soluble in hydrochloric 
acid, nitric acid, or aqua reyia. 

Detection o! Cations. 

General Survey. 

The systematic, course described in the following jiages for the 
detection of cations in one solution depends iqion the use of a number 

^ This expression is used lioro and in the following pages to indicate mixtures 
and compounds in which all the cations and anions of frequent occurrence may 
be present. 
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of group reagents to detect the presence of different analytical 
groups, and in the complete separation of these groups (if present) 
in the form of precipitates. 

The individual members of a group are then separated from one 
another according to the methods of separation given in the second 
cha])ter of the first part of this book in the “ Summary and Remarks,” 
at the end of the description of the reactions of the cations of a group 
(Secs. 31, 38, 42, 55, 63, 73, 78, 86, 92). 

The grou]) reagents used are hydrochloric acid, hydroycn sidphidc, 
ammonium sulphide (or sodium sulphide), ammonium carbonate (and 
sodium ammonium hydrogen phos|)hate). 

T’he same method is inva.rial)ly followed for the separation of the 
different gTou])s, a group reagent being added so long as it ])roduce3 
a precipitate ; this is filtered off and washed, and the next groii}) 
reagent added to the filtrate. 

The following scheme is baaed on this method : — 

(a) Hydrochloric acid precipitates the members of the first division 
of the fifth group, silver and mercurous ions being complclehj })recipi- 
tated, but lead ion incompletely, because the chlorides of the two first 
mentioned cations are ])ractically insoluble, that of lead ion sparingly 
soluble, and the chlorides of all the other cations soluble in water. i 
(For the separation of these substances from one another, see Sec. 164.) 

(h) Hydroycn sulphide, when introduced into a solution which 
has been acidified with hydrochloric acid, and from which any pre- 
cipitate produced thereby has been filtered off, precipitates any 
members of the sixth group or of the second division of the fifth group 
(including lead ion) which may be present, because the sulphides 
of these elements are insoluble in acids, whereas those of the members 
of Groups I. to IV. are soluble therein. 

(c) The sulphides of the sixth and fifth groups may be separated 
from one another by treatment with ammonium (or sodium) sulphide 
solution, because the members of the sixth group are soluble therein, 
through the formation of sulpho salts, whereas the suli)hides of the 
catioi^s of the fifth group are not dissolved. 

The precipitate produced by hydrogen sulphide is, therefore, 
filtered off, and treated with alkali sulphide solution, and in case it 
does not dissolve completely, the inooluble sulphides of the fifth group 
(second division) are filtered off, whilst the sulphides of the sixth group 
are re-precipitated by acidifying the filtrate with hydrochloric acid. 

^ The somewhat complicated rolaiionsliips which arise when an alkaline 
solution is present are not taken into consideration hero. For further details 
on this point, see (101) and (104). 
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The separation of the individual members of the sixth group is 
effected as descril^ed in Sec. 167, whilst those of the second division 
of the sixth group arc separated as in Sec. 168. 

{d) The liquid in which neither hydrochloric acid nor hydrogen 
sulphide has produced a precipitate, or the filtrate from precipitates 
produced by those reagents, will now contain only the members of 
Groups T. to IV. It is rendered alkaline with ammonia, and treated 
with ammonium sulphide. (Organic substances which, if present, 
might prevent tlie precipitation of members of the third group, are 
(l(‘stroyed l)ef{)re the addition of ammonia and ammonium sulpliide, 
))}' evaporating the solution to dryness, fusing the residue with alkali 
carbonate, and treating the fused mass first with water and then 
with hydrochloric acid.) 

By this means the cations of the foiolh group are precipitated as 
sulphides. There is also a simultaneous precipitation (even on 
neutralising the liquid with ammonia) of the members of the third 
group as hydroxides or phosphates ; and if certain anions (phosphate, 
oxalate, fluorine, borate, silicate, tartrate, or citrate ions) are present, 
the members of the second group are also preci])itatcd more or less 
completely as salts of these, since all the compounds mentioned are 
])ractically insoluble in water. They may be separated as in Sec. 170. 
The solution will then contain oidy the members of Group I. and 
also, in so far as they are not precipitated as j)liosphates, etc., by 
ammonia, the members of Group II. In order, in the case of the 
latter, to prevent the precipitation of magnesium ion (as hydroxide, 
which, however, would only be incomplete), the dissociation of the 
ammonium hydroxide must be checked by the presence of a sufficient 
quantity of an ammonium salt (cf. 8ec. 5, p. 31). If necessary, 
therefore, a corresponding amount of ammonium chloride must be 
added prior to the ammonia solution. 

(c) The solution in which the above-mentioned group reagents 
have produced no precipitate, or the liltrate from precipitates pro- 
duced by them, is treated with ammonium carbonate. 

This precipitates barium, strontium, and calcium ions %s /car- 
bonates. These are se])arated as described in Sec. 171, whilst mag- 
nesium ion and the members of the first group remain ib solution. Acid 
solutions are first treated with ammonia until alkaline, since otherwise 
carbon dioxide would bo liberated, and might form soluble hydrogen 
carbonates of barium, strontium, and calcium. In order to prevent 
a ])rccipitation of magnesium ion, care must be taken that a sufficient 
quantity of a neutral ammonium salt is present, as in the case of (d). 
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(/) The solution, which may still possibly contain alkali metal 
ions or magnesium ion, is tested for the latter by adding to a portion 
of it aiiimonia and ammonium chloride, if it is not already ammoniacal 
in (d) or (e), and then sodium ammonium, hydrogen phosphate. 
The characteristic crystalline precipitate of magnesium am'tmnium 
phosphate is not suitable, however, for the separation of magnesium, 
because the presence of phosphate ion would make the tests for 
alkalis in the filtrate more difficult (and if sodium phosphate had been 
used for the precipitation the presence of adrled sridium would render 
them impossible). 

The separation of magnesium ion is effected, when recpiired, by 
means of barium or calcium hydroxide, the excess of which is 
removed from the filtrate by means of ainmonium carbonate. For 
details of the method of removing disturbing substances from the 
solution before apj)lying the tests for alkali metals, and for the 
detection of the individual metals, see Sec. 17-3. 

(g) The test for ammonium ion is made upon the original solution, 
since it is necessary to add ammonium compouruh to the solution in 
separating the metals of (troups II. to \\. 

The separation of the various cations m a solution in the form 
of precipitates belonging to ditVerent groups, and their further 
separation into individuals, may be represented in the form of a 
table as follows : — 


Separatiov of Cations into Groups. 


Ill Solution Groups I. to VI. 


(a) + HCl. 


(y) l-Ca(On). 
Evolution of Gas : K II 4 . 


I’recipitatc j 
Vi. ' 
A«, II«'. rb 
(incomplete) ' 
as Chlorides. , 


nitrate : I. to IV , Vo. (lucludiiig remainder of Cb), VI. 
(6) + U*8. 


Precipitate : VI. 


For sopara- 

1 mainder of Pli) 

tion, see 

as sulphides. 

Sec. 164. 

(c)F(NH 4 )aS. 

j 

! Solution : VJ .! llcsidue : 

+ HC1, V 2 ,(iii 

Precipitate : 1 eluding 
VI. as sul- iremalnder 
phldes. Fori of Pb) as 
separation |SiilphI<lo3 
see Sec. 167.,' For sepa- 
iratlon, see 


j Sec. 168. 

1 


Filtrate : I. to IV. 
(dl + fNIW. 


Precipitate : j 
IV. as sulphides, I 
I II. as hy(ljoxlde.s, ' 

(II. as saltsonly Injpreclpltate . 
' presence of corre - 1 Ca, Sr, Pa 
spouding anions). I as 
For separation, Icarbonatcs 
see Sec, 170. ! For separa- 
, tlon, see 
; Sec. 171. 


Filtrate: I. and II. 
(«) + (NIWJ 03 . 


Filtrate : Mg, 
'I'est for Mg with 
NaNn 4 nP 04 ; 

if imsltive. 
(/)-! Ba(OU)a. 


Precipi- 
tate ; 
Mg as hy- 
droxide. 


Filtrate : 

I. 

Detection 
of E and 
Na. See 
Sec. 178. 
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Sec. 164 . 

Treatment with Hydrochloric Acid. 

» Detection of silver ioUy mercurous ion Head ion). 

The systematic course for the detection of cations is essentially 101 . 
the same, whether the substance under examination is soluble in water, 
or whether the aqueous solution has a neutral, acid, or alkaline 
reaction, for the reason that in all ceases in whi(‘h solution has not been 
elTcctcd by iiydrocliloric acid or (Kfua retjut an addition of hydro- 
chloric acid is made. 

Diflerent phenomena may occur, however, on this addition, 
according to whether an aqueous, nitric acid, or alkaline solution 
is pr('sent. 

(A didcrence is also to be ol)served ])etween the behaviour of 
pure aqueous and acid solutions in the separation of the precipitate 
produced by ammonium sul])hide. 8ee Sec. 170.) 

In the case of alkaliiu* solutions a series of other substances 
(silicon dioxide, sulphides) may be prcci])itated, in addition to the 
cations of Group \ i. Witli regard to the procedure in this case, 
details arc given in (104) to (108). 

The following course of treatment is a])))licable to any precipitate 
produced in aqueous or nitric acid solutions (solutions detained by 
means of hydrochloric acid or aqua regia obviously need not be 
considered here). 


General Survey. 

The solution is treated with hydrochloric acid and filtered from 
any precipitate j)roduced. 

The precipitate produced by hydrochloric acid ma^^ contain the 
chlorides of silver, mercurous and load ions. (With regard to other 
substances simultaneously precipitated, see (102, h), (103, small type), 
and Chaj). III., No. 15.) The two first are not soluble in hot water, 
whereas lead sulphide is soluble therein. Silver and merctircfus 
chlorides may be dilferentiatcd by their behaviour towards ammonia 
solution. The former is soluble in that solvent, and may be repre- 
cipitated from its solution by means of nitric acid, whereas the latter 
remains insoluble, but is converted into a black mixture of metallic 
mercury and mercuric ammonium chloride. This may be repre- 
sented in tabular form as follows : — 
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Sppamtion of First Division of Uroup V. 


These may bo present in. the precipitate procinced by H(’l ; 
AgCl, PbCK. 

On treatment ^^ith hot water — 


Insoluble residue : AgOI, HgoCI., ; treated 
withNH^OH. ■ 


Insoluble black | Dissolved : 

residue: Ag(NH3)oCl 

Hg+ llg(Nli2)Cl 11X0 3 precipitates AgCl 


Dissolved : PbCb. 

HjjS precipitates black PbClg- 
H28O4 precipitates white PbS04. 


Process in detail. 

102. I. A pure aqueous solution is present. 

A 'portion of the solution prepared for the detection of the cation is 
treated with a little hydrochloric acid. 

1. The original solution iras acid or neutral. 

{a) No precipitate is fornwd. The absence of silver or mercurous 
ion is indicated. The analysis is continued at 8cc. IGb. 

{h) A precipitate is formed. More hydrochloric acid is added, 
drop by drop, until the volume of the precijiitate no longer 
increases, after which an additional six to eight drops are 
added, the liquid shaken, and a note made as to whether a 
jirecipitate insoluble even in excess of hydrochloric acid 
is left. If this is the case, and if organic substances are 
])resent [ef 10), the solution with the preci[)itate in suspen- 
sion IS shaken with ether. 

(a) The precipilate dissolves completely. Silver and mer- 
curous ions are not present. The [irccipitate consisted 
of organic acids. Tests for these are made as in (184), 
and the examination continued at (103). 

(j3) A residue irusoluble in ether is left. It is silver, mer- 
curous, or lead ion. 

To determine whether organic acids were also 
precipitated, the (dhereal layer is separated from the 
aqueous solution (Chap. 111., No. 78), and cautiously 
evaporated, so that the ether does not take fire. 

{aa) No residue is left. This shows the absence of 
organic acids in the precipitate ])roduccd by 
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hydrochloric acid. The analysis is continued at 

(103). 

{hh) A residue is left. The presence of cinnamic, 
benzoic, or salicylic acid is indicated. The 
» analysis is continued at (105). 

'I'lie whole of the solution intended for the detection of the cation 103 . 
is treated with a corresponding quantity of hydro(ililoric acid, shaken, 
and filtered. 

Since any antimonyl (ililoride or bisimitliyl chloride which may bo 
jH'ccipitatcd at lirst re-dissolves in excess of hydrochloric acid, the per- 
manent precipitate of cations produced by hydrochloric acid can only 
contain silver, mercurous, or lead ions as chlorides (see Chap. III., No. 15). 

The ])rec,ipitate left on the filter is washed twice with cold water, 
and th(' filtrate and washings further e.xainined ac(;ording to Sec. 165. 

Ally turbidity produced when the liltrate and washings are mixed 
may be ignored (sec Chap. 111., No. 1.5). 

The precipilate left on the filter, if it does not consist solely of 
organic acids (1(12, h, a), is then treated as follows : — 

(a) 1/ If ronfaiHs orijiuiic acids in addition to the chlorides 
of Croup \\ (1()2, h, p, bb), it is washed off the filter by 
means of a. jet, ami distiabiiled in water, the latter 
siiaken in a small <;ylinder with (‘tlu'r. and the ethereal 
la}'or sejia rated from the aqueous layer (Chap. 111., 

No. 78). The ethereal layer is tested for organic acids 
as ill (184), and the aqueous layer heated (carefully 
until the ether has been evajioratcd), and filtered if 
any insoluble deposit is left. The solution in hot 
water is tested as in (/3) with hydrogen sulphide and • 
sidphuric acid, and any residue tested for silver and 
mercurous ions as in (y) and (8). 

{p) If the precipitate produced hi/ hydrochloric acid does not 
contain an organic acid, it is washed with hot water 
on the filter, and the filtrate tested for lead mi by 
means of hydrogen sulphide, and also by means of 
sulphuric acid. 

If no precipitate has been formed, it only shows that 
no lead ion was present in the precipitate produced by 
hydrochloric acid, but not that lead ion is altogether 
absent, since in fact dilute solutions of lead salts do not 
give a precijiitatc with hydrochloric acid. 
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If the precipitate produced by hydrochloric acid 
contains lead chloride, it should be treated repeatedly 
with boiling water, so as to dissolve the lead chloride 
as completely as possible. 

(y) V ^ 'precipitate has been lejt on the filter, it is treated 
with ammonia solution. If it becomes grey or black, 
mercurous ion is present. 

(8) The ammoniacal washings from (y) are treated with 
nitric acid urilil the reaction is stronghj acid. (If a 
precipitate is formed, it is tested to see whether it 
remains insoluble when shaken with etlier, in case 
organic acids should be present.) If a white caseous 
precipitate (insoluble in etlier) is oljtained, or an 
opalescence in the case of minute quantities, sileer ion 
is present. 

If the precipitate .still contains lead chloride, the 
aniinoniacal solution will generally appear turbid, owing to 
the detection of basic lead salt. TJiis has no inlliionce on 
the separation of silver ion, since the basic lead salt 
dissolves on the addition of nitric acid. 

104. 2. The aqueous solution /»«.. an alkaline reaction. 

(u) No evolution of gas takes 'place on (he addition of hgdrochloric 
acid, and no precipitate is formed, or, if formed, re-dissolves 
on the addition of more acid. The analysis is continued at 
Sec. 165. 

105. (h) The addition of hgdrochloric acid causes an evolution of gas — 

hydrogen sulphide, hydrocyanic acid, carbon dioxide. This 
indicates rcsj>ectively sidphides, cyanides, or carbonates. 
If, at the same time, a precipitate is formed, it is examined 
as in (c). The nature of the gas is indicated ])y its odour, 
(a) The escapiruj gas has an odour of hydrogen sulphide. As 
a confirmatory test, the gas is tested with paper 
imjnegnated with an alkaline lead solution : A brown 
coloration points to the presence of monosulphides of 
the alkali metals, or of hydrogen sulphides of the alkali or 
alkaline earth metals. If no precipitate was produced 
by hydrochloric acid, the acidified solution is tested 
as in Sec. 170 or 169 ; otherwise as in (c, p, or y), 
(107), or (108). 

(j3) The escaping gas has the barely perceptible odour of 
carbon dioxide. If no precipitate was jiroduced by 
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hydrochloric acid, the analysis is continued at Sec. 165 ; 
otherwise at (c). 

(y) The esca’pimj gas has an odour of hydrogen cyanide. 
Confirmation is obtained as in Sec. 154 (whether or 
, no hydrogen sulphide or carbon dioxide was also 

('volved). The presence of cyanides of alkali metals 
is indicated, if a precipitate was produced by hydr<j- 
(ddoric acid, the analysis is continued at {c, y) (108) ; 
otherwise the liquid is boiled (in a fume cupboard) 
until all hydrocyanic acid has been expelled, and the 
analysis continued at Sec. 165, or, if hydrogen sulphide 
is also absent, at (170) or (169). 

If it 13 not possible to decide whether there is an odour 
of hydrogen cyanide in addition to that of hydrogen 
3ul]))iide, a fresh portion of tlie solution is treated with 
potassium dichromatc and then with hydrochloric acid, 
and the odour again noted. 

(e) (hi the addition of hydrochloric acid a precipitate is fornted, 106. 
which docs not dissoire in excess of the acid, eren 'when boiled d 
(a) Neither hydrogen sulphide nor hydrogen cyanide is 
evolved. The liquid is filtm’ed,^ the precipitate washed, 
and the united filtrate and washings tested according 
to Sec. 165. 

{aa) The precipitate is white. It ma} be a lead or silver 107. 
salt, which is insoluble or only s[)aringl}’ soluble 
in water {lead sulphate or chloride, silver chloride, 
etc.), or also silicic, acid. It is tested for the cations 
and anions of the inorganic compounds present 
according to ISec. 179, having regard to the possi- ' 
bility that any chloride of lead or silver detected 
may have been formed in the course of the ex- 
amination itself. 3 

^ If organic substances are present, a test is made to determine the lu- 
Bolubility in other of any precipitate produced. Only A\hen it is insoluble 
are the directions in (100) and (107) apjilicable. Should there be a possibility 
of the precipitates there mentioned containing any cinnamic, benzoic, or 
salicylic acid, these substances may be extracted with other before continuing 
the examination. 

* If there is reason to buppo.so that the precipitate contains silicic acid, 
which, as a rule, may be recognised by its gelatinous character, it is advisable 
to evaporate it with hydrochloric acid, us described in See. 182 (221), so as to 
obtain an insoluble residue of silicon dioxide, and again to treat this residue 
with hydrochloric acid and water before filtering off the precijiitate. 

® If organic acids have been detected in the preliminary examination 
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(66) The precipitate is yellow or orange. It may be 
arsenic sulphide, if it has not been boiled for a 
long time, or only with dilute hydrochloric acid ; 
or it jnay be ayitimony sulphide or stannic sulphide, 
which was dissolved b)* ammonia, potassium 
hydroxide, sodium hydroxide, or sodium phos- 
phate solutions, or by any other alkaline liquid, 
with the exception of alkali sulphide or cyanide 
solutions. The precipitate, which may also 
contain silicic acid, is treated according to (40). 

(jS) Ihfdrogen sulphide is evolved, but not hydrogen cyanide.^ 
(aa) The precipitate is a pure white deposit of sulphur 2 
(which is conn)letely soluble when vigorously 
shaken with benzene or petroleum spirit. 
Chap. III., No. 27). 'll! that case an alkali 2 )oly- 
sulphide is usually present. The presence of such 
a compound may also be recognised l)y the fact 
that the alkaline solution appears yellow or 
brown, and that on the addition of acid an odour 
of hydrogen polysulphide may be detected as 
well as that of hydrogen sulphide. The liquid 
is boiled, filtered, and the filtrate treated as in 
8ec. 170 or 169, and the precipitate - as in 
8cc. 179.3 

(66) The jweeipitate is coloured (or was not com])letel}' 
soluble in benzene or petroleum spirit). In that 
case the presence of a sulpho salt (of a Jiiember of 
Group VI.) may be inferred. The precipitate 
would thus be a sulphide of gold, platinum, tin, 
antimony, or arsenic. It might also, however, 
consist of or contain nwrcuric sulphide or cupric 
or nickd sulphide (since the first-mentioned is 

(10, /i, i), the precipitate may also be or contain cinnamic, benzoic, or snlicylic 
acid. A test for these is made by means of ether as described in (102) and 
(103), ’and these anions identified acconling to Sec. 170 (184)* 

^ With regard to determining whether hydrogen cyanide is hberated m 
addition to hydrogen sulphide, vide 8vj)ra (105) b, y (small type). 

2 It may also contain sificic acid (in which case it was not entirely pulveru- 
lent and soluble in benzene or jietrolcum spirit). 

3 If organic acids have been detected in the preliminary examination 
(10, h, i), the precipitate may also consist of or contain cinnamic, benzoic, or 
salicylic acid. Tests for these are made by treatment with ether, or they may 
be separated as described in (102) and (103), and these anions identified according 
to Sec. 170 (184). 
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readily soluble in potassium sulphide solution, 
and is very sparingly soluble in ammonium 
sulphide solution, whilst the latter are very 
slightly soluble in ammonium sulphide solution). 

' The liquid is filtered, and the filtrate treated as 

in Sec. 170 or 169, and the precipitate as in 
(40).i 

(y) Hydrogen cymiuh is evolved, with or without hydrogen iQg. 
sulphide. In that case a cyanide (and if hydrogen 
sulphide is simultaneously liberated also a sulphide) 
of an alkali or alkaline earth nwtal is present. Under 
these conditions the precipitate may also contain 
numerous compounds (such as nickel or silver cyanide, 
etc.) in addition to those mentioned in (a) or (jS). 

The liquid is boiled in a fume cupboard after the 
addition of more Iiydrochloric acid or of nitric acid 
until all hydrogen cyanide has been expelled, and the 
resulting solution, or the filtrate from any insoluble 
residue (whieJi would be (‘xamined as in Sec. 179 or 
Sec. 180), is treated according to Sec. 165. 

n. A hydrochloric acid or aqua regia solution has been obtained. 

It is treated according to Sec. 165. 

in. A nitric acid solution has been obtained. 109. 

A portion of the solution is dduted with water, and if any 
turbidity or precipitate (indicating bismuth ion) is formed, nitric acid 
is added until the li([uid becomes chuir again, and then hydrochloric 
acid. 

1. No precipitate is form'd. This proves the absence of silver 

and mercurous ion. The main solution is treated as in Sec. 

165. 

2. A precipitate is formed. The remainder of the nitric acid solution 

is treated in the same way as the small portion, tlie precipitate 
filtered off and examined as in (103), and the filtrate examined 
according to Sec. 165. 

^ Should silicic acid be present in this precipitate, in addition to the sulphides 
mentioned, it will dissolve, partly at all events, in the aqna regia solution, and 
must bo taken into consideration in examining the latter ; it may also partly be 
left in the residue, and must then bo treated accordingly (Sec. 182). Cf. foot- 
note 2, p 007. 


39 
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Sec, 165.1 

110. Treatment with Hydrogen Sulphide.^ 

Precipitation of cations of Groups V 2 . and VI. 

A small portion of the clear acid solution is treated with good hydrogen 
sulphide water until its odour is plairdy perceptible on shaking, and 
the liquid then gently healed, and, after the addition of more hydrogen 
sulphide water in not too snudl amount, allowed to stand for some time. 

111. 1. No precipitate w formed, even after some time. The analysis is 

continued at Sec. 170 or 160, since lead, bismutli, cadmium, 
copper, and mercuric ions, and also the ions of gold, platinum, 
antimony, tin, and arsenic ^ are not present. The absence of 
ferric ion, chromate ion, and ferricyanogen ion is also indicated. 

112. 2. A precipitate is formed. 

(a) It is pure white, diffused and finely pulverulent, and does not 
disappear on the addition (jf hydrochloric acid. It is 
separated sulphur and points to the presence of ferric ion.^ 
In order to be sure that the sulphur does not contain a 
small amount of yellow sulphides, the colour of which might 
- be masked by a large quantity of sulphur, about 2 c.c. of 
benzene or petroleum spirit are ad<led to tlie lic^uid, and 
the tube vigorously and rej)eatedly shaken.® If no 
coloured suspension ajipears in the benzene or petroleum 
spirit layer, the white preci])itate consists only of sulphur. 
None of the substances mentioned in (111) is present. 
The main solution is treated as in Sec. 170 or 169. If, 
however, a coloured suspension is seen in the benzene or 
petroleum spirit layer, tlie examination is continued as in 
113 {cf Chap. III., No. 27), 

^ Cf. the general survey, p. 600, (&). 

2 Cf. Chap. III., No. 18 (with regard to a nitric acid or aqua regia solution 
also No. 19) ; also Nos. 21 and 22. 

* Cf. Chap. Ill , No. 20. 

* In the presence of sulphite ion, as algo of oxidising substances, e.g. chromate 
ion, chlorate ion, free chlorine, and (on continued heating) ferricyanogen ion, 
sulphur is also precipitated. When chromate ion is present, the colour of the 
solution changes from reddish-yellow into green, whilst, in the presence of ferri- 
cyanogen ion, the solution usually becomes blue, so that the separated sulphur 
has the appearance of a blue precipitate. 

* In shaking the test-tube, closed by means of the thumb, it should be noted 
that, if the thumb is not absolutely clean, metallic sulphides not originally 
present may bo formed at the junction of the aqueous layer and the benzene. 
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If the separation of sulphur, the original colour of the 
solution, and the change of colour on the introduction of hydrogen 
sulphide, have indicated the presence of eiirouiate ion, this is 
reduced to chromic ion by the addition of an aqueous solution 
, of sulphur dioxide, or, if the lattoi' would produce a precipitate, 
by heating the liquid with h^'drochloric acid after the addition 
of a little alcohol, or by means of another suitable reducing 
ag(5nt (r/. Sec. 101, 5). 

(h) It is not pire ivhite. The examination is continued as 
in (113). 

A slow current of gaseous hydrogen sulphide is jiassed through 
the solution diluted with water (and heated to about 70'^ if there is 
reason to sup|)OHe that arsenate ion is present) until the precipitate 
separates in a distiindly flocculent form, and a portion of the liquid 
then filtered, and tested to see whether it remains clear on the 
addition of a large amount of hydrogen sulpliide water (about six 
to eight times the volume of the liquid). Jf this is not the case, 
the main solution is diluted to a further extent with water, and the 
introdiKdion of hydrogen sul])hide continued until the precipitation 
is complete, after which tlie liquid is filtered, and this filtrate reserved 
for testing for cations of Groups I. to IV., Sec. 170 or 160 et seq. The 
preci])itate, wliich will contain the sulpliides of the metals of Groups V 2 . 
and W.A \s> tJiorowjhhj ivashed, without exposing it long to the air 
(Chap. III., No. 22) (the completene.ss of washing being ascertained 
by a test with litmus paper or silver nitrate, cf. p. 42), and the 
examination is continued at (114). 

Instead of gaseous hydrogen sulpliide, good hydrogen sulphide 
water may be used for the precipitation. In that case the bulk of 
the acid or acidified solution is treated, preferably in a small boiling 
flask, with an excess of hydrogen suljihide water, i.e. until the solution, 
after thorough shaking, has a distinct odour of the gas, and the 
precipitate does not increase on further addition of the reagent, the 
contents of the flask then gently heated, the liijuid filtered, and the 
filtrate and precipitate treated as described above. • • 

If the precipitate is yellow, its main constituent will be arsenic, 

^ Under exceptional conditionB the precipitate produced by hydrogen 
sulphide in an acid solution which has been treated with hydrochloric acid 
may also contain zinc and iron, e.g. zinc when alkali acotate.s arc present, and 
iron when tho solution contains stannic chloride, and only a little free hydro- 
chloric acid (L. Storch, Zeitsch. anal Chew., 25, 219) {cf. Chap. III., No. 18). 

® Conclusions drawn from tho colour of the precipitate may, under certain 
conditions, bo uncertain {cf. (-hap. III , No. 21). 
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stannic., or cadmium sulphide ; if it is orange-coloured, the presence 
of antimony sulphide is indicated ; if brown or black, an ion of at 
least one of the following metals must be present : lead, bismuth, 
copper, mercury, gold, platinum, tin. Siir-.e, however, a yellow 
precipitate may also contain small amounts of orange, brown, or even 
black precipitates without their respective colours being distinctly 
imj)arted, th(‘ most trustworthy method is always to test every 
coloured precij>itate produced by hydrogen siil])hide for all the ions 
mentioned under 1 (111), the method outlined in the following section 
being followed. 


Skc. 166. 

Treatment of the Hydrogen Sulphide Precipitate with Alkali 
Sulphide. 

Separation of Group V2. from Group VI. 

General Survey. 

The }>recit)itate ])roduced by hydrogen sul])hidc may contain 
the sulj)hides of the si.xth grouj) and the second division of the fifth 
analytical group. If members of both groups are present, they are 
se])arated by treatment with ammonium (or sodium) sulphide 
solution, in which the suljihides of the sixth groUj) are soluble, sulpho 
salts being formed (p. 0), when^as those of the fifth grouj) remain 
undissolved. The sulphales of the sixth grouj) may be re-j»recij)itated 
by acidifying the sulj)ho salt solution. 

Since this jirocess, however, is only necessary when members 
^ of hath groups arc actually j)resent, a smMl 'portion of the precijiitatc 
should be tested to see whether it dissolves comj)letely in ammonium 
(or sodium) sulj)hide solution, or, if this is not the ca.se, the filtered 
liquid is acidified to see whetluT anything has dLssolved. Only in 
the latter alternative should the whole of the j>reci|)itate be treated 
in tlie .same way, whilst the remainder of a jirecipitate which is 
completely soluble in alkali suljihide solution should be tested 
directly for members of Group II. as in Sec. 167, and the remainder 
of a completely insoluble sulphide precipitate should be tested at 
once for members of Group V 2 . as in Sec. 168. 

Process in detail. 

114 . A small portion of the precipitate, produced hy hydroyen sulphide in 
the acidified solution is thorouyhly vmshed (Chaj). 111., Nos. 22 and 25) 
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and treated in a test-tube ^ with 10 to 20 drops of pale yellow (not 
dark yellow, see Chap. III., No. 23) ammonium sulphide solution, 
or (if cupric but not mercuric sulphide is present) with sodium 
sulphide solution ^ (see Chap. III., No. 24), and (jently healed for a 
short* time. 

1. The precipitate is completely soluble in ammonium (or sodium) 115. 

sulphide solution. The absence of cations of Group V. (cadmium, 
lead, bismuth, cop])er, mercury) is indicated. The remainder 
of the precipitate (a portion of which was tested with ammonium 
sul})hide solution) is treated as in Sec. 167. 

If the quantity of hydrogen sulpliide precipitate was so small 
that the whole of it had to bo used in the treatment with ammonium 
sulphide, hydrocldoric acid is added to the ammonium sulphide 
solution, and the resulting jjrccipitate washed and examined as in 
«ec. 107. 

2. It is insoluble or not completely soluble, even when heated with 116 . 

more yellow ammonium (or sodium) sulphide. The presence 
of cations of Group V . is iiidicated. The li(piid is diluted with 
4 to 5 parts of water, or with 10 pei* cent, ammonium nitrate 
solution (if there is reason to suppose that the precipitate pro- 
duced by hydrogen sulphide contains meicuric or stannic 
sulphide. Chap. III., No. 26), and tlien filtered, and the filtrate 
treated with a slight excess of hydrochloric acid. 

If the whole of the hydrogen .sulphide ])recipitate had to be treated 
with ammonium sulphide, only a portion of the solution should be 
treated with hydroehlorie acid. 

(a) Only a pure white turbidity is formrd, which docs not yield a • 
coloured deposit on shaking the liquiil with benzene or 
petroleum spirit (ef. (112) or Chap. III., No. 27). This 
turbidity produci^d by hydroidiloric acid is, therefore, jiuro 

^ If the precipitate is at all bulky, this may easily be done by means of a 
small spatula of platinum, glas.s, or horn, whereas if it is scanty the filter should 
be spread opcm in a porcelain ba.sin and the whole of it treated with ammonfum 
(or sodium) sulphide .solution. 

* If the solution i.s blue or green and the filtrate from the hydrogen sulphide 
precipitate no longer shovv.s this colour, cupric ion is present. If a definite 
conclusion i.s not possible, it may almost always hi' reached by te.sting the solu- 
tion with a bright iron rod or with excess of ammonia (Sec. 75, 18, 9). A 
tost for mercuric ion is made by treating a poition of the original solution wi(h 
stannous chloride. A.s a rule its presence will already have been indicated by 
the change in colour of the preciiiitate produced by hydrogen sulphides 
(See. 71, 0, .’1) 
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sulphur. The absence of members of Group VI. (ions of 
gold, platinum, tin, antimony, and arsenic) is indicated. 
The remainder of the precipitate obtained in (113) (a ])ortion 
of which has been digested with ammonium sulphide 
solution), or the entire precipitate wliicli has been treated 
with ammonium sulphide and washed, is examined as in 
Sec. 108. 

117t (h) A colouml prccipitdtc is Jornicd, or a coloured suspension i)\ 

the benz(!ne or petroleum s})irit layer. This indicates the 
presence of members of Grou[» VT, in addition to those of 
Group V . The entire precipitate produced by hydrogen 
sulphide is treated in the same way as the sample, i.e. it is 
treated with yellow ammonium (or sodium) sulj)hidc 
solution, and allowed to stand, the supi'niatant lifjuid 
(which must be yellow) is poured on to a filter, the residue 
in the flask repeatedly treated with yellow ammonium 
(or sodium) suljdiide solution, and the solution filtered 
each tinie.i The fdtrate (or the remainder of the filtrate 
(110) if the whole of tlie hydrogen sulphide precipitate had 
to be treated with ammonium sulphide (114, footnote 1)), 
which contains the members of Grouj) \T. in the form of 
sulpho salts, is diluted with water, and, after th(! addition 
of hydrochloric acid untd the reaction is distinctly alkaline, 
is gently heated and filtered from the resulting ])recipitate. 
This precipitate, containing the sulphides of Group VI. 
mixed with sulphur, is thoroughly washed, and treated as 
described in Sec. 167. The residue from the treatment 
with ammonium or sodium sulphide (containing the sul- 
phides of Group V.) is usually washed with wati^r, except 
in the presence of mercury, when a 10 [>er cent, solution 
of ammonium nitrate is used for the pur])ose (see Cha]). III., 
No. 25), and is then treated immediately (Chap. HI., No. 22) 
as in Sec. 168. 

If the residue from the treatment with ammonium (or sodium) sulphido 
does not readily subside, with the result that the licpiid eannot be poured off, 
it should be transferred to the fdter.and the latter, after liltration of the liquid, 
spread open, together with the residue, ii. a porcelain dish and treated repeatedly 
as above. If the sulphides are m such a fine state of suspension that the liquid 
will not yield a clear filtrate, a little solid ammonium nitrate is addl'd, and the 
whole allowed to stand for some time while gently heated, and then filtered 
(c/. pp. 36 and 44). 
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Sec. 167. 

Detection of the Ions of Group VI. 

’Ions of Arsenic, Antimony, Tin, Gold, and Platinum. 

General Survei/. 

The sulpliidcs of arsenic, antimony, and tin volatilise when heated 
in a current of chlorine (or in a current of air containing ammonium 
chloride and nitrate vapours). Platinum and gold sulphides arc 
decomposed under these conditions. The sulphur which they con- 
tain volatilises as chloride, and a residue of the noble iiK'tals is left. 

Hence the two last may be separated from the three members of 
Group VI. first mentioned, b}' sublimation in a current of chlorine 
(or of air containing chloride and niirate). 

riie residue is dissolved in af/aa retjia, llie solution evaporated 
to dryness, the residue dissolved in water, and the gold ion reduced 
by heating the solution with oxalic acid. The filtrate is evaporated 
to dryness with ammonium chloride to si'jiarate the platinum ion, 
and the residue treated with ahohol, which leaves the ammonium 
platinochloride as an insoluble residue. 

The sulphides, which are partly dissolved in the aipieous distillate 
and jiartly in susjiension in tlu' sublimate, are re-precipitated by 
means of hydrogen sulphide, separated, dried, and ignited with 
sodium nitrate and carbonate, whereby they are oxidised to staimic 
oxide, sodium antimonaic (which reacts with water to form disodium 
dihydrogen [lyroantinionate), and sodium arsenate. This last is 
soluble in water, whereas the two first are insoluble, or only s[)aringly 
soluble, and are therefore left in the residue when the fused mass is • 
extracted with water. 

On heating this residue with hydrochloric acid, and adding a 
little zinc, preferably in a platinum basin, the metals are reduced 
and precipitated. They may then be separated by treatment with 
hydrochloric, ai id, which dissolves tin but not antimony. ^ ^ 

Arsenate ion may be identified in the a(|ueous extract of the fiLsed 
mass by acidifying the liquid with nitric, acid, and adding ammonium 
molybdate or magnesia mixture ; and stannous ion in the liydro- 
chloric acid solution of the metal by means of niercuric chloride, 
whilst the antimony, which is left in the insoluble residue, is dis- 
solved by means of nitric and tartaric acids, and jirocipitated with 
hydrogen sulphide. 
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The method of separation may be represented in tabular form as 
follows : — 

There may be present as Sulphides : Au, Pt, Sn, As, Sb. The precipitate is 
mixed with (NH4)C1 and (NH.,)N03 and hcato<l in a current of air. 


Ilc^iilue • Au, Pt a.s inotab. It 

IS flissulved in aqua regia. Tin* 
boliitinn when fieed tioin excess 
of add and heated with H.,t’2()4 
gi\e.^ — 

Snbliniate • When dissolved in water it contains Sn, 
SI), and As as chlorides. Tieated with HjSitgivesa — 

I'redpitate of the three sulphides. 'I’his is separated , 
dried, and fused with NaNOp and Na2C()3. The 
fused mass treated with water gives— 

Precipitate of 
Au, recognisable 
by its colour. 

Solution • This 
coiitainsllolMt'lg 
when evapoiated 
to drj’nPoS with 
NHit’l, and the 
residue treated 
with aleohol, 
lea\es yellow 
(Xlljijl’tClg. 

Ite^idne : SiiO-j : 
It is reduced wit 
and Sb. The 
IK'l 

Residue. Sh. 
l)is.sol\ed in 
ILNOj + tarlaiie 
acid and treated 

1 withH 2 Sgl\es 
orange precipi- 
tate of Sh.2S5. 

ud NaoHaSbaO,. 

1 IlCl + Zn ts) Sn 
se treated with 
give— 

Solution : 
.Sntia 1 llgCIa 
gives wlilte 
precipitate of 
ng2t b^. 

Solution : 
Na3As()4. Acidi- 
fied with 1IN03 
and heated with 
(Nil4)2Mo04l 
gives a yellow 
precipitate of 
ammonium 
arsenic molybdate. 


As indicated by the colour of the precipitate or the nature of the 
substance under examination it may, under certain conditions, be 
possible to omit the tests for gold and platinum, and to ignite the 
sulphide precipitate directly. In that case only the portion enclosed 
in dotted lines need be taken into consideration, or the examination 
may be restricted to testing for arsenate ion, or to the application 
of a simple test to prove that the ions of tin and antimony are 
absent. In this connection the following particulars may be 
noted : — 

118 . If the precipitate consisting of the sulj)hidcs of Group VI. is pure 
yellow, the presence of arsenic and stannic ion is ])robably indicated ; 
if it is unmistakably orange-yellow, antimony sulphide is undoubtedly 
• present ; whilst if it is brown or black the presence of stannous, 
platinum, or gold sulphide is indicated. 

More than this cannot })c inferred with certainty from the colour 
of the precipitate, and in order, therefore, to be certain under all 
conditions, it is necessary also to test a yellow ])reoipitate for anti- 
mony, gold, and platinum, since small cjuanlities of tlie sulphides 
of *heSe metals are completely masked by a large amount of stannic 
or arsenic sulphide. In many cases, however, it is possible to form 
an opinion as to the absence of gold and [)latinum from the general 
characteristics of the substance under examination, and in the follow- 
ing pages we theVefore make a distirmtion between the case when it 
may be concluded that gold and jilatinum are absent, and the case 
when the facts do not justify such conclusion. 
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Description of the process in detail. 119* 

1. There is reason to conclude that gold and platmum are absent. 

(a) The precipitate is yellow. A small quantity of the thoroughly 
washed precipitate is heated, not too strongly, on the lid 

• of a j)orcelain crucible, or on a piece of ])orcelain or glassd 
(a) No non-volaiilc residue is left. Arsenic may be pre- 
sumed to be present and the othei* members of Group VI. 
to be absent. As a confirmatory test a portion of the 
precipitate is heated with a small quantity of con- 
centrated nitric acid, the litpiid diluted and filtered, 
and the filtrate tested for arsenate ion by heating it 
with ammonium molybdate (Sec. 1)0, 9) ; or a portion 
is digested with ammonia solution, the liquid filtered, 
the filtrate evaporated with a granule of sodium Car- 
bonate, and the residue fused with potassium cyanide 
and sodium carbonate in a current of carbon dioxide 
(8cc. 89, 17). Whether the arsenic was present in 
trivalent or pentavalent form is determined by the 
methods given in Hoc. 92, 13. 

(j8) A non-volatile residue w left. This indicates the possible 
presence of antimony, tin, and arsenic sulphides. The 
analysis is continued at (120). 

(b) The precipitate is not yellow, or is not completely volatile 120 . 

(Ill), )3). In that case tin, antimony, or arsenic are 
possibly present. 2 The remainder of the precipitate is dried 


^ It is obvious that tliis ])roliminary oxnniination may be omitted if the 
precipitate has a colour other than yellow, and that it is only conclusive when 
the precipitate submitted to the tost has been thoroughly washed. 

'The method given m (120, h) is particularly suitable for the detection of ^ 
tin, antimony and arsenic when somewhat considerable amounts of both tin 
and arsenic sulphides are present. If the precipitate contains only very small 
amounts of those substance.H, preference should bo given to the method described 
in Sec. 92, 2. This may bo represented in tabular form as follows : — 

The precipitated sulphides may contain Sh, Sn. The moist 
precipitate is treated with fuming HCl. 


Reslclue : As2S3(A.h. 2S5). U«>t coii- 
routruted IINO3 is added H3ASO4 
is dissolved. 'I’lu! solution lieate«l 
wltli (N]l4)2Mo04 gives a yellow 
precipitate of nnunonlum arsenic 
• molybdate. 


Solntion : SuClj, SboCls- 


I’lecipitate : Sb It Is 
washed, dissolved in HJSU3 
f tartaric acid. Solution 
treated with H-S gives ai^ 
orange-red precipitate of 
Sh.,S5. 


Iron is added. 


Solut ion : SnOla 
with HgCla gives 
white precipitate 
of ligjClg. 


F’or further uudhods of diflVrentiation iiiid separation, see Sec. 92. 
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completely, separated from the filter, i triturated with 
about 1 part of anhydrous sodium carbonate and 1 part of 
sodium {not potassium) nitrate, and the mixture introduced 
in small portions into a porcelain crucible, in which 2 parts 
of sodium nitrate have previously been heated to a state 
of gentle fusion. 

The flame is removed after each addition of a fresh portion, 
and only replaced beneath the crucible if the substance is not 
completely oxidised without further lieating. 

Too strong heating must bo avoided (Sec. 1)2, 1, p. .365) 
After the fusion is complete the mass is jioured on to a 
piece of porcelain or into the lid of a porcelain crucible. 
When cold, the fused mass (including the portion still adher- 
ing to the crucible) is treated with a little cold water, and 
the insoluble residue (which must be left if antimony or 
tin is present) is filtered through a moistened filter, and 
thoroughly washed with a mixture of about equal parts 
of water and dilute alcohol (Sec. 92, 1. footnote 2). The 
liquid used for the washing must not be allowed to run into 
the filtrate. The filtrate and residue are then examined 
as follows : — 

121 . (a) Ejoaminutwn of the jillrale for arsenate ion. The litjuid 

is rendered distinctly acid with nitric acid,2 heated 
to expel carbon dioxide and nitrogmi trioxide, and a 
small amount of the solution heated with 2 to 3 c.c. 
of a nitric acid solution of ammonium molybdate 
until the liquid is vigorously boiling. If a ffelloto or 
at all events yellowish precipitate is 7iot formed (a pure 
white precipitate would not prove anything), arsenate 
ion is not present ; if, however, such a ])reci]>itate is 
formed, it indicates the presence of arsenate ion 
■ (Sec. 90, 9). 

For further confirmation the remaining larger 
^ ^ portion of the solution is divided into two parts, one 

* If owing to the small quantity of the y)recipitate this is not possible, t he 
dried filter paper with the adherent precipitate is cut into small pieces, triturated 
with sodium carbonate and nitrate and ’gnited as described above, but since 
this method has an influence upon the trustworthiness of the test, it should only 
be used when no more sulphide precipitate can lie obtained. 

® Any precipitate which is pro<luccd in this process must bo filtered off and, 
if necessary, examined as in (123). It may contain traces of arsenic which have 
escaped detection. With regard to its causis significance, and treatment, 
see p. 3(56, footnote 1 . 
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of which is tested with silver nitrate, and the other 
with magnesia mixture. To the first portion silver 
nitrate is added in not too small amount, and should 
any silver chloride he precipitated,^ the liquid is 
• filtered, and a layer of dilute ammonia solution (1 part 

of the ordinary reagimt with 2 parts of water or, better, 

2 parts of alcohol) is poured on to the filtrate down the 
side of the inclined test-tube, which is then allowed to 
stand for some time without shaking. The formation 
of a reddish-brown procij)itate, which forms a cloudy 
susp(‘nsion at the juncture of the two layers (it may 
be seen more readily by reflected than by transmitted 
light), indiciates the presence of arsenate ion. If this 
is jjresent in considerable (luantity, the whole of the 
liquid will be coloured brownish-red by the precipitate 
of silver arsenate formed, after accurate neutralisation 
of the free nitric acid, l.>y shaking the contents of the 
tube with ammonia solution. 

The other portion of the acidified solution is treated 122 * 
first with ammonia solution and then with a mixture 
of magnesium sulphate or chloride and aiiimonium 
chloride (p. 312, footnote 1), and the sides of the glass 
vessel gently rubbed with a glass rod. A crystalline 
precipitate of ammonium magnesium arsenate, which 
fre([uenlly is only formed alter the Ikpiid has stood 
for some time, and is esjiecially deposited on the sides 
of the vessel, indicates the presence of arsenate ion. 

As a further confirmation, the preciiutate may be 
washed with ammoniacal water and dissolved in a * 
little dilute hydrochloric acid, the solution gently 
heated, and the arsenic juvcijiitated by means of 
hydrogen sulphide, or separated in any way in the 
elementary condition (c/. Sec. 89 and Sec. 90). The 
methods given in Sec. 92, 13 may be used to determine 
whether the arsenic was originally present in trivaleht 
or in tetra valent condition. 

(j8) Examination of the residue for antbmnif and tin. Since 123 . 
any antimony in the residue must be ])resent as white 
pulverulent disodium dihydrogeii pyronantimonate, 

1 Silver chloride will be precipitated if the reagents are not quite pure, or 
if the precipitate has not been thoroughly washed. 
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and any tin as white, flocculent stannic oxide, the 
appearance of the residue sometimes enables pregnant 
conclusions as to its nature to be drawn, although, 
when doing so, it is necessary to bear in mind that 
occasionally some copper may also be found in. this 
residue, owing to cupric sulphide being slightly soluble 
in ammonium sulphide or in sodium siilphoarsenate 
or stannate solutions. This residue is heated with 
hydrochloric acid in the inverted lid of a platinum 
crucible or a small platinum basin, the liquid diluted 
with a little water, and then, regardless whether the 
substance has dissolved completely in the liydrochloric 
acid or not, a compact fragment of zinc (free from 
lead) is added. Stannic oxide, and also pyroanti- 
monate, is reduced by the zinc, and left in the form of 
the respective metal. Antwiony may be recognised 
by the hlacheMing of the 'platinum^ cither immediately 
or after some time. As soon as the evolution of 
hydrogen has nearly sto[)ped, the remainder of the 
zinc 1 is withdrawn, the zinc chloride solution removed 
by careful decantation and washing, the metals 
heated for a short time with hydrochloric acid, and 
a portion of the solution (which if tin was present must 
contain stannous chloride) is tested with mercuric 
chloride (Sec. 87, 10). ^ The separated antimony (and 
also any copper which may bo present) remains almost 
completely undissolved when heated with hydrochloric 
acid ; it may be dissolved by heating it with nitric 
acid containing a little tartaric acid, and i)recipitated 
for further examination, by means of hydrogen sulphide. 
If the solution contains copper ion, this may be pre- 
cipitated as cuprous thiocyanate (Sec. 75, 11) prior 
to the test with hydrogen sulphide.- 

The stage of valency in which any tin or antimony 
detected was originally present may be determined as 
described in Sec. 02, 11 or 12. 

^ Small amounts of tin may have formed adherent deposits on the zinc. 
They may bo detected by dis-solving the zinc in hydrochloric acid, and testing 
the filtered solution .with mercuric chlonde (Sec. 87, 10). 

* Should there still be any doubt as to the presence of antimony, since a 
small quantity of the metal deposited on platinum will dissolve when heated 
with hydrochloric acid (.Sec. 01, 0), the remainder of the hydrochloric acid 
solution should be tested with tin in a platinum vessel (p. 30). 
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2. There is no reason to infer that gold and platinum are not present, 124 . 
In that case advantage is taken of the fact that the sulphides 
of tin, antimony, and arsenic volatilise in the form of chlorides, 
when heated with an intimate dry mixture of 3 to 5 parts of 
ammonium cliloride and 1 part of ammonium nitrate, whilst 
auric sulphide and platinum sulphide, when treated in the same 
way, leave a r('sidue of the elementary metals. 

'Pile process is conveniently carried out in the apparatus 
shown in Fig. 51, the arrangement of which requires no 
. exj^lanation. 



Fig. 61 


Tlic tube ab is about 30 to 40 cm. long, and about 16 mm. in 
diameter. The jwrcelain boat c intended to receive the mixture 
is made in the same way as that shown in Fig. 47 (p. 351), but 
as a rule a somewhat larger one (7 cm. long) should be used. 
The boiling flask d, which has a capacity of 150 to 180 c.c., is * 
about half filled with water containing a little hydrochloric acid. 
The flask e, which serves as an aspirator, contains about 2 litres. 

After the apparatus has been prepared, the dri) precipitate, 
consisting of or containing the sul])hides of the sixth group, is 
mixed by careful trituration with about 6 parts of tlie dry i 
intimate mixture of ammonium chloride and ammonium 
nitrate, the mixture introduced into the boat, and the latter 

1 If the luocipitate of the Bulphidos or the ammonium salts is not quite 
dry, the mass readily froths over the edge of the boat Vihen heated. If any 
material quantity of water is liberated, the tube may easily break when the 
condensed water Hows over the heated part of the glass. It is, therefore, 
advisable to fix the tube in the clamp in such a way that h is considerably lower 
than a. 


622 PRACTICAL METHODS OF GENERAL COURSE oh. i 

placed in the tube ah in the position shown in the figure. A 
cork, through which passes a short open glass tube, is inserted 
into the tube at a, the tap / (glass tap or screw pinch-cock) 
opened, and a moderate current of air made to pass from a to h. 
The contents of the boat are now heated, gently at first,- then 
gradually more strongly, and finally strongly. A white sublimate 
is soon formed near c (between b and c), and gradually becomes 
more pronounced. As soon as the whole of the volatile sub- 
stances have been expelled from the boat, the tube is allowed 
to cool, and the boat withdrawn by means of a wire provided 
with a hook. If the boat contains no residue, gold or j)latinum 
is not present, but if a residue of metallic appearance is left, the 
first part of the test is finished. If, however, the appearance 
of the residue suggests that the whole of the antimony, tin, or 
arsenic sulphide has not yet volatilised, it should be covered with 
a fresh layer of the mixture of ammonium chloride and nitrate, 
and the boat replaced in the tube and again heated as before. 
The following tests are applied to the residue and sublimate : — 
(^/) Residue. This is dissolved in aqua regia, with the aid of 
gentle heat (Chap. III.. No. 29), ainl the solution evaporated 
to a small volume, and te.sted for gold and ])latinum ions 
as in 8ec, 80. 

{h) Sublimate. The tubo ah is washed out with the acidified 
water (which may sometimes show a white turbidity) 
previously placed in the boiling flask d, the lifpiid treated 
with hydrogen sulphide, whether or not any such turbidity 
is present, and the ])recipitate 8ei)arated, washed, and 
tested for tin, antimony, and arsenic as in (119) to (123). ^ 


Sec. 168. 

Detection of the Cations of Group V2. 

Lead, Bismuth, Copper, Cadmium, Mercuric Ions. 

General Surrey. 

On boiling the sulphides of the fifth group with dilute nitric acid 
mercuric sulphide remains undissolved, whilst the other sulphides 
are converted into nitrates and dissolved. When this solution is 

‘ For other methods of separating the ions of gold and platinum from those 
of tin, antimony, and arsenic, see Sec. 92, 14. 
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treated with sulphuric acid, lead ion is precipitated as sulphate, 
and may be separated almost quantitatively by evaporating the 
liquid until practically the whole of the nitric acid has been expelled. 
The filtrate containing the bismuth, cupric, and cadmium ions gives 
a white precipitate of })isniuth hydroxide when treated with ammonia 
solution, whilst the cu])ric and cadmium ions combine with ammonia 
to form complexes soluble in water. If the ammoniacal solution is 
evaporated, rendered just acid with hydrochloric acid, and treated 
with an aqueous solution of sulphur dioxide and with potassium 
thiocyanate, the cu])ric ion (owing to its being reduced by the sulphur 
dioxide to cu])rous ion) will be completely precipitated as cuprous 
thiocyanate. The cadmium may then be precipitated as yellow 
cadmium sulphide from the filtrate, after removal of the sulphur 
dioxide. 

This scheme of se[)aration may be represented in tabular form as 
follows : — 


The portion of the hydrogen sulphide precipitate insoluble in ammonium 
sulphide nuiy possibly contain : llgS, PbS, Bi .S^, Cu8, CdH. It is boiled 
with dilute liNO,, 


niiu’k rcsiduo : 
H^S , l)(iil(‘(l \villi 
JK'I h KCIO ,, 
solution oI IIkCI^ 
Aftci lioilliiu oil Cl 
and addition ot 
SnC’la, wiuto jik'- 
clpitaLe of tlK.d'l.., 
or grey ppt. ul“Hg. 


Solution : 1M.(N()3 )o, nUNOo),, ('u(N()j) 2 , OdlNOgla f llgSO., 
tnaporated on wiiter-bath unfil all IlNOg has been expelled. 


Pi<-( i]»ital<‘ . 
PbS()4. tie.ited 
with K^CiOi gives 
Pbt'rtq, soluble 
in N.iOli solution, 
tioatcd wiUiacetK 
ludd gives vcllow 
Pl)t. ol PbCitq. 


Solution . BijlSUPg, C'.iSO^, CdS 04 ; -i-NH 40 H. 


Pkm ipitate . 
BKOll),,. Dis- 
solved ih a littl*' 
H(’l solution 
<iilute<i vvltli 
much water. 
White turbidity 
of BiOCl. 


soluiion: Cu(NH 3 )„(OU) 2 , 
rdfMHgUOJDg ; +I1C1; 

('uClj, C’tK'la 

I SOg 1 KC.NS. 

Kod-whlte 

Solution : 

picclpltate ; 

(Jdt'la eviipor- 

CuCNS. 

ated to expel 
SOn ; + H 2 S 
yellow CdS. 


Process in detail. 

The precipitate which has not been dmolvcd hy amimnium (or | 25 . 
sodium) sulphide is thoroughly washed and boiled ivith dilute nitric 
acid (Chap. III., No. 32). This is best done in a small porcelain basin 
by heating the precipitate with a little water, and gradually adding 
nitric acid, while the liquid is continually lioatod and stirred. A 
large excess of acid should be avoided (Chap. III., No. 32). 

If the solution turns brown the presence of platinum ion is indicated, 
this having remained undissolvod in the treatment with ammonium 
sulphide, and then dissolving as nitrate. With regard to the procedure 
in this case, see Chap. III., No. 31. 
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126 . 1 - TJie 'preci'pitale dissolves, and only light flocculent yelloiv sulphur 

separates and remains in the liquid (Chap. IIL, No. 32). The 
absence of mercuric sulphide is indicated. Cadmium, cupric, 
lead, and bismuth ions may be present. The liquid is filtered 
from the separated sulphur, and the filtrate freed from the 
greater part of the nitric acid by evaporation, and treated as 
follows (or as in Chap. III., No. 37) ;~ 

A portion of the liquid is heated with dilute sulphuric acid 
in not too small a quantity, and allowed to stand for some 
time. 

127 . ((^) precipitate is foryned. The absence of lead ion is in- 

dicated. The remainder of the liquid is treated with excess 
of ammonia solution. 

^ 28 . (^) precipitate is fomned. Bismuth ion is absent. If 

the liquid is hhie the frescnce, of copper is proved. Very 
minute quantities of cupric ion, however, might be 
overlooked if merely the colour of the amnioniacal 
liquid were taken into consideration. In order, 
therefore, to be certain on this point, and to detect 
cadmium ion, the ammoniacal liquid is evaporated 
nearly to dryness, diluted with a little water, and 
rendered only just acid with hydnjchloric acid, and, 
if the presence of cupric yon has not already been recog- 
nised yvith certainty by the blue colour of the ammoniacal 
solution, a small ])ortion is treated with potassium 
ferrocyanide. If a reddish-brown juecipitatc (or in 
the case of very minute quantities of cupric ion, a 
brownish-light red turbidity) is produced, copper is 
. present. 

According to whether cupric ion is present or not, 
another portion of the liquid is treated as follows : — 

129 . (<^f^^) Cupric ion is not present. A portion of the solution 

is treated with a little more hydrochloric acid, and 
then with hydrogen sulphide water. A yelhiv 
precipitate indicates cadmiuyn ion. 

If a pure yellow precipitate is not obtained here, 
the procedure described in Chap. III., No. 36, is 
followed. If the precipitate produced in the acid 
solution by hydrogen sulphide contains zinc sulphide 
{cf. footnote 2, p. 611, the zinc will be found in the 
hydrochloric acid solution, if necessary, freed from 
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cupric and cadmium ions, as in (129) and (130), and 
may be precipitated therefrom by the addition of 
ammonia, or, if necessary, as white zinc sulphide by 
means of ammonium sulpiiide, 

(hb) Cuprw ion is present. Sulphur dioxide solution 130 . 
in (]oo(l condition, or liydroxylamiiie or hydrazine 
sulphate with potassium thiocyanate is added, 
and a reddish- white preci]»itate of cuprous thio 
cyanate obtained. 

If a dark precijjitale of cupric thiocyanate is 
obtained, insufficient- reducing agent was present and 
more must be added. 

The precipitate is allowed to subside in a warm 
place, a portion of the liquid filtered without 
disturbing the preeijutate, and the dear filtrate 
heated to expel suljdiur dioxide, and tested for 
cadmium ion as in (129), {cf. Chap. III., No. 36 
and Sec. 78, 0). 

(/3) A precipitate is fornwd. Bismuth ion is present. The 131 . 
precipitate is filtered off, and the filtrate tested for 
cop])er, cadmium (and for zinc ion, wdiicli may possibly 
be present here) as in (128), whilst further tests for 
bismuth are applied to the washed precipitate. A 
small (piantity of the moist precijiitate is transhured 
to a clock glass by means of a glass rod or a s])atula, 
jueferably after taking the filter from the funnel 
and pressing it with absorbent ])a])er to lemove 
adherent water, and dissolved in the smallest possible ^ 
quantity of water, and the solution diluted with 
water in not too small an amount. A milky turbidity 
confirms the jiresence of bismuth. 

If the reaction does not occur when these directions 
arc accurately followed, the precipitate produced by am- 
monia consisted of other hydroxides, e.g. of iron. In that 
particular case the ammonia precipitate is usually reddish- 
brown. A test for ferric ion is made by treating the solu- 
tion with potassium thiocyanate (see Chap. III., No. 35). 

{b) A precipitate is produced by sulphuric acid., h'ad ion is 182 . 
present. The whole of the nitric acid solution is evaporated 
with sul[)huric acid in not too small a quantity in a porce- 
lain basin (Chap. III., No. 34) on the water-bath until the 

40 
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nitric acid has been completely expelled, the residual 
liquid then diluted with water containing a little more 
sulphuric acid, and immediately filtered from the insoluble 
lead sulphate (Sec. 76, 10), and the filtrate tested for 
bismuth, copper, and cadmium ions (and also for zinc and 
iron ions, which may possibly be present here) as in (127), 
whilst the precipitate is washed and invariably examined 
by one of the methods described in Sec. 78, 3. 

133. 2. The precipiUite of the metal sulphides is not conipleichj soluble in 
boiling nitrio acidy hut a residue, in addition to the supernatant 
sidphur, is left. It is probably (almost certainly if the precipitate 
is heavy' and black, Chap. III., No. 32) mercuric stdphide. It is 
allowed to subside, the solution (which is still to be tested for 
lead, bismuth, copper, and cadmium ions, as also for zinc and 
ferric ion, which may possibly be present here), filtered, and a 
small portion of the filtrate tested with a large excess of hydrogen 
sulphide water, and should this jtroduce no precipitate, ammonia 
and ammonium suphide are added. If no precipitation or 
coloration results, the absence of other cations of Group V. is 
proved. If a precipitate or coloration is produced, the remainder 
of the filtrate is treated as in (120). 

The residue, wdiich, in addition to mercuric sul]>hide, may 
also contain cadmium sulphide retained by the mercuric sulphide, 
lead sulphate formed by the aidion of nitric acid on lead sul})hide, 
also stannic oxide, and possibly also gold and platinum sulphides 
(since the separation of the sulphides of tin, gold, and platinum 
from those of the fifth group is frequently incomplete), is washed, 
and a portion of it tested for mercury ^ by dissolving it in 
hydrochloric acid containing a little potassium chlorate, and 
treating the solution with copper or stannous chloride (Sec. 74, 
6, 9). 

If' cadmium and lead have already been detected as in (129) 
or (132), tin as in (123), and gold and platinum (if they need be 
, ^aken into consideration) as in (124), a further examination of 
the residue insoluble in nitric acid is unnecessary (Chap: III., 
No. 33). Otherwise the following ])rocedure is adopted : — 

^ If an aqueouB or very dilute hydrochloric acid solution was under ex- 
amination, the mercury found was present in the original substance as a mercuric 
compound. If, however, the solution had been obtained by boiling the sub- 
stance with concentrated hydrochloric acid, or heating it with nitric acid or 
aqm regia, the mercuric ion may have been formed from a mercurous compound 
originally present. 



SEC. 169 DESTRUCTION OF ORGANIC SUBSTANCES 627 


Tho remainder of the residue is heated with a concentrated solution 
of ammonium acetate, and is thorouglily extracted therewith if krul 
ion can be detected with hydrogen sulphide in a portion of the filtrate, 
Tho residue, which is usually left, is washed and heated, with access 
,of air, in a porcelain crucible iti a fume cupboard, whereby any 
mercuric sulphide present volatilises. If a re.sidue is left, it is heated 
with a mixture of equal parts of sodium carbonate and potassium 
cyanide over a small fiame until it just fuses, and the mass tlien cooled 
and treated with water. If a metallic powder is left undissolved, 
it is washed and heated with concentrated hydro(!liloric acid, the 
liquid diluted and filtered, and a portion of tho filtrate tested for 
stannous ion with mercuric chloride. The remainder of the solution 
is treated with a modci'ate excess of sodium or potassium hydroxide, 
and filtered fron\ any white precipitate remaining undissolved, the 
latt(‘r washed and dLssolved in hydroeliloric acid, and the solution 
tested with liydrogen sulphide for aulnman ion. Any residue left 
from tho treatment of tho metallic powder with hydrochloric acid 
is heat('d with aqua regia, and the solution tested for gold and 
•platinum as in Sec. 96. T’ho aqueous solution of the fused mass, 
however, which contains potassium (cyanide, is li’cated with hydrogen 
sulphide water, since it may contain cadmium ion. 


Seo. 169. 

Destruction o! Organic Substances in the portion of the material 
to be tested for Members of Groups I. to IV, 

Gvnead Sunr/j. 

Tho process outlined in the following sections for the further 
examination of the substance free from members of Group V. and VI., 
presupposes that organic substances are not jiresent, ■ since these • 
may have a disturbing inlluence (Chaj). HI., No. 39). 

Hence, before the substance can be submitted to further examina- 
tion, it is essential to destroy any organic, substances v\hith may be 
present. (Whether this is necessary will be shown by the jireliminary 
examination (10).) This is done by dilforent methods, using two 
portions of the substance. * * 

(a) By fusing the iiortion intended for tho detection of Groups II. 
to IV. with alkali carbonate and nitrate, and dissolving the 
fused mass in dilute hydroclihjric acid. 

(p) By heating the portion intended for the detection of alkali 
metals with concentrated sulphuric acid. 

For this purpose the substance, which is free or has been freed 134 . 
from members of Groujis V. and VI., and is soluble in water or acid, 
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is used. Tliat is to say, citJier (a) the filtrate obtained in (113) ; or, 
if no precipitate was produced by hydrogen sulphide, [b) the filtrate 
from the precipitate produced by hydrochloric acid, as in Sec. 164 ; 
or, if hydrochloric acid has produced no precipitate, (c) the solution 
obtained in Sec. 155, after filtration from any residue insoluble in 
acids (41) ; or (d) the original substance itself, if it does not dissolve 
completely in water or hydrochloric acid, and any solution obtained 
does not give a precipitate with hydrochloric acid, or with hydrogen 
sulphide. 

Process in detail. 

The preliminary examination (10) proved — 

(a) The absence of organic substances. The examination is 
continued at Sec. 170. 

{b) The presence of organic substances. A portion of the sub- 
stance is treated as in (135) and another portion as in (136). 

135. (ot') Portion taken for the detection of members of Groups 11 . 

to IV. According to tlie conditions in (131) either 
the greater part of the solution a, b, or c mentioned in 
(134) is evaporated nearly to dryness and treated with 
a slight excess of sodium carbonate and a little potas- 
sium nitrate, or a portion of the original substance 
(134, d) is mixed with .S(a.lium carbonate and j)otas8ium 
nitrate, and in either case the mixture heated in a 
platinum vessel until the organic matter is destroyed. 
The fused mass is treated with water, the solution, 
together with the insoluble particles left in the platinum 
vessel, is transfernal to a glass or porcelain vessel, 
acidified with hydrochloric acid, and heated (with the 
addition of a little alcohol, ^ if the solution is yellow, 
to reduce any chromate ion present to chromic ion 
(Sec. 101, 5)), until everything has di'^solved.^ The 
solution is treated as in Sec. 170 (137). 

136. • . (^) Portion taken for the detection of alkali metal ions. A 

j)ortion of the solution a, 6, or c mentioned in (134) 
is evaporated in a porcelain basin to dryness, and the 
residue thus obtained moistened, or, in the case of 
d (134), a portion of the original substance is heated 

* Or any other suitable reducing agent (not sulphur dioxide). 

* Should a residue insoluble in hydrochloric acid (silicon dioxide) remain, 
it is examined as in Sec. 179. 
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with, pure concentrated sulphuric acid in a fume cup- 
board or in the open air, until the bulk of the sulphuric 
acid has evaporated, the liquid cooled, diluted, and 
filtered, and the filtrate treated as in (170). 

Sec. 170 . 

Precipitation with Ammonia and Ammonium Sulphide. 

Separation and estimation of the Members of Group m. (as 
hydroxides), IV. (as sulphides), and n. (in the form of certain 
salts). Aluminium, chromic, manganous, zinc, nickel, cobalt, 
ferrous and ferric ions, also barium, strontium, calcium, and 
magnesium ion (with phosphate, borate, oxalate, siUcate, and 
fluorine ions). 

(iencral Surrey. 

Since members of the second group can only be separated in 
the precipitate produced by ammonia and ammonium sulphide 
when the anions inentioiu'd in the headline are present, it is, as a 
rule, only necessary to take them i?ito consideration when the original 
solution was not a neutral aqueous one, but was an acid one. 

Small quant ities of the alkaline earth metnl ions may also be 
precipitated with aluminium or chromic hydroxide in the absence 
of the anions mentioned. 

If the presence of members of (J-roup II. has to be taken into 
consideration in the ammonium sulphide precipitate, a somewhat 
more leiigthy process is necessary for their detection (150). It is 
also advisable to use this jirocess in the case of solutions originally 
alkaline and such as contain chromic c.omjKmnds (recognisable by 
their colour) (Chap, lit.. No. 47). In other eases the simpler, more 
easily followed process is sullicieiit. • 

A. Simple Process. 

{If the original solution was an aqueous one, the absence of 
molerial quanlities of eliromic ion is indicated) 

The preci[)itate produced by ammonia and ammonium sulphide 
is treated in the cold with hydrochloric acid diluted with hydrogen 
sulphide wati'r. This leaves the sul^diides of cobalt and nickel 
practically undissolved, although small quantities thereof are dis- 
solved simultaneously with the other metals. Ihe residue is ignited 
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with access of air, dissolved in aqua regia, and cobalt ion precipitated 
from acetic acid solution by means of potassium nitrite [the con- 
ditions described below being rigidly observed), whilst nickel ion is 
precipitated by means of sodium hydroxide in the filtrate from the 
cobalt precipitate. 

The hydrochloric acid solution, which has been filtered from the 
bulk of the nickel and cobalt sulphide, is freed from hydrogen sulphide 
by boiling, oxidised with nitric acid, and boiled with an excess of 
sodium hydroxide. 

Aluminium and zinc remain in solution in the form of anions. 
Ferric, manganous, and chromic ions (together with the rest of the 
cobalt and nickel ions) are })rcci])itated as hydroxides. Zinc ion is 
detected in the solution by means of hydrogen sulj^hide, and 
aluminium ion by means of ammonium chloride or hydrochloric 
acid and ammonia. 

A portion of the precipitate is dissolved in hydrochloric acid, and 
tested for ferric ion by means of potassium thiocyanate, and another 
portion is tested for manganese and chromium by fusion with 
potassium chlorate and sodium carbonate. The former is indicated 
by a red or green coloration, the latter by a yellow coloration. If 
manganese is present, the fused mass is dissolved in water, and the 
solution boiled after the addition of a little alcohol or hydrogen 
peroxide, whereby the mang.inate ion is reduced and hydrated 
manganese dioxide precipitated, with the result that the yellow 
colour of any chromate ion wdiich was formerly masked is rendered 
visible. 

This method of S(*paration may be represented in tabular form as 
follows : — 


PosHibly iiresint: CoS, NiS, FeS, MnS, ZnS, Al(OH) 3 , Cr{()H) 3 . Treated in 
the cold with 1 part tlCl + t parts H jS water. 


nesiduo : C'oS,» NiS, (TVS) ignited, CoO, NIO, 
(FejOo) dissolved iiiavua regia, OoCU, NICL. 
(Fi'Ol;,) Treateil with MljOil. 


Solution : Fe.Clj, MiiClg, ZnClo, (NIC),, 
C0CI2), AlCig, OrClg ; H.S boiled ol! 
i lINOj-, heated to form FoClafNaOFI 
in excosH. Boiled. 


Preeljjitate : 
[I»3(0!I)3]. 


Solution : NitNHat^Ch, 

C<j( N HjtjC :lo. Evu|K)rrtte(l 
to dryness. Ammonium salts 
expelled. iJissolved In rt(jrMa 
regia, CoClj, NiCl2 with 
Xaa(;03, preeijutate of C0CO3, 
NICO3 dissolved in acetic acid 
t KNOj. I 


Precljiitate : ! Sfdutlon : 


yellow I NgCJCaO.). 
K3 [Co(N 02)5]. +NaOH; green 
I preelj)itate of 
j NKOH),. 


Precipitate • Fe(OH)3, 
Cr(OH)3,Mn(OH)a,[tV)(()H)2, 
Ni(01I)2), («) Dissolved in 
HCl fKCNS: red coloration 
ofFe(CNS)8 (ft) Fused with 
KCIO3+ NazCOs. (Jreen or 
red ma,ss IvoMnO^or KMnOj. 
Disfwjlved fn water + alcohol, 
boiled. 

Solution ; 
ZigONa),, 
Al(ONa)^ 
(«) +a little 
U3S ; White 
ppt. ZnS, 
(ft) -rHCl tm, 
acld+NH.. 
White preclpl- 
tato Af(OH%. 

Precipitate 

Mn(OH)i. 

Yellow 

soluMon 

K3Cr04. 
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B. Comprehensive Process. 

If the original solution was acid, certain salts of the alkaline 
earth metals may also separate with the ammonium sulj)hide pre- 
cipitate ; if it was alkaline, silicic acid may be present in the pre- 
cipitate. If a considerable amount of chromic ion is present, the 
whole of the zinc ion may be precipitated at the saine time as the 
chromic ion, on boiling the solution with sodium hydroxide (p. 260). 

In such cases a more comprehensive process, including all sub- 
stances which may ])ossibly be prcs(mt, should be used ; it is based 
upon the following j)rinciples : The ammonium sulphide precipitate 
is treated with h 3 'drochloric acid diluted with hydrogen sulphide 
water. The sulpfiides of cobalt and ni(!kel, togetlier with any 
silicic acid and calcium fluoride, will be left in the insoluble residue. 

A portion of this residue is treated with aqua rrgia, and any 
insoluble residue tested for silicon dioxide as in the analysis of 
substances insoluble in acids (Sec. 170), whilst the aqua regia solution 
is tested for nickel and cobalt ion, as in the simple process just 
described. Another portion is tested for fluorine ion by means of 
sulphuric acid (etching of glass, or, if silicon dioxide is also present, 
evolution of silicon fluoride). 

The following tests are applied to the hydrochloric acid solution 
of the ammonium sulphide juecipitate ; — 

(rt) A portion is tested for barium, strontium, and calcium ions 
by means of sulphuric acid. Any sulphate precipitate is 
fused with sodium carbonate, and test<‘d for barium and 
strontium ions by means of ])otassiiim chromate and alcohol. 
{h) Another portion is freed from sulphuric acid by boiling, 
oxidised with nitric acid, and exainined as follows - 
(a) One portion is tested for ferric ion by means of potas- 
sium thiocyanate. 

(j3) A second portion (after neutralisation of rnost of the 
acid by means of sodium carbonate) is treated with 
barium carbonate in the cold, to precipitate ferric, 
cliroinic, and aluminium ions on the one hand, •and, 
on the other, anions which, in combination with 
alkaline earth metal ions, have separated with the 
precipitates. (In order to effect this precipitation 
completely in the case of phosphate awd silicate ions, 
ferric chloride ds added, and a preliminary test must, 
therefore, be a])plied in (a) for ferric ion.) Chap. III., 
No. 57, c. 
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The barium carbonate precipitate is boiled with 
sodium hydroxide solution, whereby aluminium ion is 
dissolved as aluminate ion, which may be detected in 
the filtrate by means of liydrochbric acid and ammonia. 

The barium carbonate precipitate, which has 'thus 
been boiled witli sodium hydroxide solution, is fused 
with potassium chlorate and sodium carbonate. A 
yellow coloration (chromate ion) indicates chromium. 

The solution separated from the barium carbonate 
precipitate is treated with ammonium sulphide, 
whereby only manganous and zinc ions (together 
with the rest of the cobalt and nickel ions) can be 
preci[)itat(‘d as sulphides, whilst alkaline earth metal 
ions (after removal of the disturbing anions) remain 
in solution. 

This second ammonium sulphide precipitate is 
dissolved in hydrochloric acid diluted with hydrogen 
sulphide water (the precipitate of the remainder of 
the nickel and cobalt sul])hides being filtered off), the 
hydrogen sulphide removed by boiling, and the liquid 
treated with excess of sodium hydroxide. IManganous 
ion is precipitated, whilst zinc ion dissolves (as zincate 
ion) and may l)e detected in the solution by means 
of hydrogen sulphide. 

The fdtrate from the second ammonium sulphide 
})recipitate is freed from barium ion (originally present 
or introduced into the solution by the precipitation 
with barium carbonate) and from most of the strontium 
ion by means of sulphuric acid, and the remainder 
of the strontium ion and the calcium ion are pre- 
cipitated from the filtrate by means of ammonium 
carbonate and oxalate. Tlie filtrate now obtained is 
tested for magnesium ion by means of sodium am- 
monium hydrogen phosphate. Further tests may 
be applied to the ammonium sulphide preci])itate for 
the anions w'hich, in combination with alkaline earth 
metal ions, are simultaneously j)reci]utated. In this 
general survey, and in the following table, this last 
examination is not taken .into consideration. For a 
detailed description of this, reference should be made 
to (160). 



SEC. 170 AMMONIUM SULPHIDE PRECIPITATION 633 


The comprehensive method of separation may be 
represented in tabular form (pp. 634, 635). 

It may be mentioned with reference to both of 
these methods that it seldom, if ever, happens that 
' all the substances which might possibly be present occur 

in the ammonium sulj)hifle preci])itate at the same 
time. This naturally simplifies the methods to a 
corresponding extent. 

D'-srriplion of preceding process in detail. A preliminary 137» 
test is nnide to see whether ammonium sulphide produces any 
precipitate. 

For this purj)ose there is used — 
i<i) If organic substances are not present, the sample which was 
treated with hydrogen sul 2 )hide in (110), or, if hydrogen 
sulphide' produced a precipitate, a })ortion of the filtrate 
separated therefrom (113). 

[h) If organic substances • are present, a portion of the liquid 
obtained in the treatment in (135). 

In the case t)f {a) a portion of the liquid in which 
hydrogen sulphide lias prodiux'd no precipitate, or only a 
si'paration of sulphur (110), or the filtrate from the j)re- 
cipitate formed (113), is examined in a test-tube to see 
whether it is coloured or not ((fiiap. III., No. 44), and then 
boiled to expel any hydrogen sulphide still present, treated 
witli a few dr()[)s of dilute nitric acid, again boiled, and the 
colour of the liquid again noted. If a yellow coloration is 
produced during the boiling with dilute nitric acid, ferric 
ion is usually indicated, but the coloration may also be* 
due to liberated iodine, which may be recognised by its 
odour, and should be removed by evaporation (Chap. III., 

No. 15). If the li([uid does not contain sufficient hydro- 
chloric acid to form the requisite amount of ammonium 
salt (Chaj). 111., No. 11), a little ammonium chloride is 
added, ami then ammonia solution, care being taken to 
render the liquid only just alkaline (Chap. III., No. 42). 

It is then heated, the formation of any precipitate being 
noted, and finally treated with aminonium sulphide, 
whether or no, a precipitate was produced by ammonia 
alone. 

In the case of (h) a portion of the solution obtained in 
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The Ammonium Sulphide precipitate may possibly contain : 
CrPO.,-Ba3(PO,)2, SralPOJj, Ca3(PO,)2, MgNH^PO,, BaBaO,, SrBaO,, 
MgSiOa, BaPa, SrPa, CaPa, MgPj, HaSiOj 


Reaidue : CoS, NiS, (FeS), HaSiOj, CaPj. 

Solution ; PeClg, MnClj, 

(a) Ignited, tieatod 
IICl tadiynes 

Residiio : 

SiOa.t^uFo + NaaCOa, 
fu.'.ed. Maas dis- 
solved m water. 

Re.sidue : Solution : 
CaF,. JSaaSiO,, 
(NfiK) 
r IICl 
eva{Ki- 
ratod to 

1 dryness. 

1 Uesidue 
treated 
' witii IICL 

1 ilesidue • 

' SiOa 

witli 11 ('1 4 NflOg, evaporated witli 
s. llesidue treated with 

Solution : CoCl®, XiCl, (I’eCU) 
KNH.UU. ' " 

Preeipi- tdltrate : CofNIUUCL, 
tato- NKNllp^CIa, 

Fe(0 U Ig. evaporated to drynes.*!, 

' ainiiiouium salts cxiielled. 
llesidue ; tX)0, NiO 
ilLssulved in aqua reqia, 
excels of acid removed 

4- UaCOa, 1 ‘recipitate : 
iCoCOa.NiCOj+nC'aHaOa. 

. Solution: CotCaHaOalo, 
.Ni((’all30a)ad Kkoa- 

Precipitate ; 1 Filtrate • 

1 yellow ! Nid'aflgOala 
'KaCo(NOa)« -t-XaOIl. 

1 ! green 

; NKOIDa- 

{b) Heated 

with 

oscaiies, 
recognised 
by its 
etching 
action on 
glass 
(CaF.) , 
or if silicic 
acid is 
present 
d-SiOa 
-f H2.SO., 
heated, 

SiFj 

esca{)t‘s and 
HaSiOj 
.separates 
In a drop 
of water 
(CaFa). 

(a) -fHaSO, 

Precipitate : 
BaSO,., Sr.S() 4 (CaS() 4 ), 
fused with NaaCO, 

H HaO. 

llesidue : Filtrate : 
HaCOg, 1 NaaSO.. 
SrCOg 
(CaCtJla). 

Dissolved 

in 

HCgUgOa 

+ K 2 e'i 04 . ! 

Preeipi- I Filtrate; 
tate: -fNIf.OU 

BaCrO^. + dilute 

1 alcoliol 
i Preeipi - 
1 tato ; 
SrCrO^. 

1 

Solution : 
members 
of (jroups 
IV. and 111. 

CaSO, 

+ MgS()4 
-I- 3 parts 
dilute 
alcohol. 
Precipi- 
tate ; 
CaSO^. 



(13.)) is treated, if necessary, with a little ammonium 
chloride (Chap. III., Xo. 11), and then carefully with 
ammonia .solution until the reaction is jii.st alkaline 
(Chaj). III., No. 42) and heated, a note being taken whether 
a precipitate is formed, and is finally treated with am- 
monium sulphide. 

138 * * {^) ^ precipitate was riot pnxluced either by ammonia or 

a^nmonium sulphide. The analysis is continued at 
Sec, 171, for iron, nickel, cobalt, zinc, manganese, 
chromic, and aluminium ions are not present, nor are 
]»hos])hate, borate, silicate, oxalate, or fluorine ions, 

, , together with ions of alkaline earth metals or silicate 

ion (originally in combination with other cations). 
(With regard to salts of the alkaline earth metals, 
however, see Chap. HI., No. 46.) 

^ If all HaSiOj and CaPa are simultaneously present in this residue insoluble 
in HCl, the whole of the HaSiO, or of the fluorine ion or of both may vointilies 
during the solution in aqwi regia or in the evaporation with HCl (see Chaps. 
III., No. 63 and 87). 
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CoS, NiS, FoS, MnS, ZnS^AKOH),, Cr(OH) 3 . or AlPO^, 

CaBjO^, BaCaO^, SrCa 04 , CaC 204 , MgC 204 , BaBiOj, SrSiOj, CaSiOg, 

+ 1 part HCl and 4 parts HjS water. 


ZnCIg, (CoC!!^, NiCla),— AICI 3 , CrCIa— BaClj, SrCla, CaCla, MgClg— HgPOi 
H 3 B 2 O 3 , H 3 Ca 04 , HaRiOg, HF. 


(a) 


KCnXI rroolpitate l'V(()H)„ AI(OH),, 
Cr(OH)3, lia., (1*04)3, BalW)., 
IluSiOg, HaFo 
hNuOH, ))ullo(l “ 


red _ 
ooloratlon 
Fe(CNS)3 


(6) IlgS boiled off f-HNOg to convert Fe ‘ • into Fe ‘ * '. 

{ft) l-FcClg t- NugCOg until nearly neutral + Ba CO 3 . 


liesidun : CrtOlDj, 
also Fe(OH )3 uikI 
the Bn salts. 
Fusetl with AhuCOn 
and KdOg. 
Yellow KoCrOj. 


Solution : 
AKOiN.Oa 
I HCl. 
then 

10^114011 
Precipitate 
of Al(OU)j 


Solution . MnClg. ZnCl,,, (CoClg, NiCU), BaCL, SrCU, 
CaCI.^, MKClg t NH 4 OH KNll 4 ) 2 S. 


Precipitate • TdnS, 
ZnS (CoS, NiS) FHCl 
t HgS 


Residue : 
(!oS, NiS. 


Solution : 
MnClg, 
ZnClg, 
(CoClg), 

(NlCI.^), 

boiled to 
lemove HnS, 
t-NaOH. 


Solution : BaCU. SrCl 2 ,CaCl 2 ,MgClo; 
-IH 2 SO 4 . 


Precipi- 
tate . 
BaSO. 
Sr.SO. 


Precipitate 
Mn(OH) 2 , Cu( 011 ) 2 , 
Ni(()H)2 PNagCO,, 
fused. 

Green Na 2 Mn 04 . 


Solution * 
ZidUNa)., 
-I HgS,'' 
white ZnS 


Filtrate : SrClg, CaCU, 
MgClg ; -f(NH 4 ) 2 C 03 

-|-(NH4)2C204. 

Precipi- ! Solution : MgClg ; 
tate: , +Na(NH4)HP04, 

SrCOg [ - 

CaC 304 


precipitate of 
Mg(NH)4”" 


1 PO 4 . 


(j3) A prm'pitdte is not produced by ammonia, hut is pro- 139 . 
duced by ammonium sulphide. This indicates the 
absence of phospliute, borate, silicate, oxalate, and- 
iliiorine ions, together with ions of alkaline earth metals 
(see, however, Chap. III., No. 46), of silicate ion 
(originally present in combination with other cations, 
and also of ions of iron, chroniiuin, and aluminium. » 
TJie analysis is continued at 141). 

(y) A precipitate wim produced by amnwnict alone.. In this 140 . 
case it is necessary to consider : (aa) Vhether the 
original solution was aqueous and neutral, and whether 
its colour indicated freedom from chromic ions ; or 
(bb) w'hether it was acid or alkaline, or whether its 
colour indicated the possible presence of chromic ion 
(Chap. III., No. 47). In the former case the analysis 
is continued at (141), for chromic, j)ho8phate, borate, 
oxalate, sihgate, and fluorine ions, together with the 
ions of alkaline earth metals, or silicate ion in com- 
bination with other cations cannot be present ; in 
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the latter case, however, the examination is continued 
at (150), for all the substances mentioned in (138) 
have to be taken into consideration. 

If the original solution was alkaline, the process 
outlined in (150) is also followed, but in that case;' as 
a rule, in addition to the cations of the third and 
fourth groups only silicate ion and aluminium and 
chromic phosphate need be considered, because it is 
quite an ex<;eption for one of the alkaline earth salts 
mentioned in (138) to be found in alkaline liquids. 

141.1. Detection of the cations of the third and fourth, groups. If phosphate 
ion, etc., in association with alkaline earth nuial ions, and also 
chromic ion, are not present, see Chap. 111., No. 46. 

The liquid mentioned in (137), a ])ortion of which has been 
subjected to a preliminary test, is treated with ammonium 
chloride, and then with ammonia solution, until the reaction 
is just alkaline (Chap. III., No. 42), and finally with ammonium 
sulphide, until the liquid when shaken has a distinct odour of 
the reagent ; it is then shaken until the ])reci])itate begins to 
subside in a flocculent deposit, heated gently for some time, and 
filtered. 

The filtrate, which contains or may contain the members of 
Groups II. and I., is set aside for subsequent examination as in 
Sec. 171. 

If it i.s brown or brownish, owing to the nickel .sulphide remaining 
in solution, the nickel ion must be separated (Chap. 111., No. 40). 
The precipitate, however, is washed with water containing a very 
little ammonium sulphide (Chap. III., No. 49), without allowing it 
( to stand exposed to the air (Chap. III., No. 22), and treated as 
follows : — 

142 . It is separated from the filter paper by means of a spatula 

or fine jdt, and treated in the following manner : — 

(а) If it is white, and so cannot contain cobalt or nickel sulphide 

(or ferrous sulphide), it is heated in a small basin with dilute 
hydrochloric acid. 

(б) If it is black, it is treated in the cold with a sufficient quantity 
(Chap. III., No. 51) of a mixture of 1 part of hydrochloric 
acid of sp. gr. 112 (dilute hydrochloric acid) and 4 parts 
of hydrogen sulphide water (Cha]). III., No. 50). 

(a) It is completely dissolved (with the exception of separated 

sulphur). This indicates the absence of nickel and 


143 . 
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cobalt sulphides, at all events in any considerable 
quantity. 

The solution is boiled until the hydrogen sulphide 
is completely expelled, then treated with nitric acid, 
again boiled, filtered from any suspended particles of 
sulphur, and concentrated by evaporation to a small 
residue (c/ Sec. 57, 7). This liquid is treated with an 
excess of potassium or sodium hydroxide solution 
freshly prepared from solid caustic alkali, and boiled 
for some time with continual stirring. 

(aa) The resulting precipitate is completely soluble, in 144. 
excess of the sodium hydroxide solution. This 
indicates the absence of ions of iron, manganese, 
and chromium (also of traces of nickel and cobalt 
ions), and the j)rcsence of aluminium or zinc 
ion. A portion of the alkaline solution is tested 
for zinc ion with a little (not an excess) hydrogen 
sulphide {ef (3iap. 111.. No. 52), and the remainder 
acidilied with hydrochloric acid, and heated with 
a slight excess of ammonia solution. A white 
flocculeut precipitate, which is insoluble even on 
the addition of more amnioiiiuin chloride, indicates 
(dumimum ion. 

{hb) The remdting precipitate is insoluble, or docs not 145 . 
dissolve completely in excess of sodium hydroxide 
solution. The solution is diluted, and the filtrate 
tested for zinc and aluminium ion as in 
(144). 

(aa) A portion of the precipitate is dissolved iu) 
hydrochloric acid, and the solution treated 
with potassium thiocyanate. The presence 
of ferric ion is indicated by» a blood-red 
coloration. The original stage of oxidation 
is determined by testing the original solution 
with potassium ferrocyanide and pfitaisium 
thiocyanate (Chap. 111., No. 56). 

The remainder of the precipitate produced 
by sodium hydroxide is washed, and a portion 
of it dried. If it is browfi or brownish, and 
ferric ion is not present, manganous ion is 
indicated ; if the hydrochloric acid solution 
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146 . 


of the precipitate produced by ammonium 
sulphide was violet, chromic ion is present. 

(jSjS) To decide whether manganous ion is present 
(or chromic ion if its presence has not already 
been recognised by the colour of the solution' 
in the course of the analysis (HO)), the 
dried portion of the precipitate produced by 
sodium hydroxide is tested hy fusing it icilh 
sodiiWL carbonate and jwtassium chlorate, and 
boiling the fused mass witli water. If the 
mass, or its aqueous extract, was green or red, 
the ])resence of the ions of nimajanese is 
indicated. In that case the a(]iieous solution 
is treated with a little alcoliol, heated, and 
filtered from the ])recipitated manganese 
dioxide (Chap. III., No. 55). if the solution 
is now yellow, or if the fused mass or its 
aqueous extract were yellow, the presence of 
the ions of chromium is indicated. If it is 
not possible to infer with certainty the 
presence of manganese ions frojii the green 
or red colour of the fused mass, a test for 
manganese comj)ounds is applied to any 
insoluble residue left by the fused mass, by 
heating a small portion of it with sodium 
carbonate in the oxidation flume. 

(yy) If chromic ion is present, and zinc ion has not 
alnjady been d(;tected in tlic alkaline solution 
as in (144), a further portion of the residue is 
dissolved in hydrochloric acid, and tlie solution 
tested for zinc ion (the whole quantity of which 
may be found at this stage, ji. 200, c) by evapo- 
rating the liquid to a small residue, and (in the 
absence of ferric ion) adding sodium acetate, 
and then hydrogen sulphide waku’ in the cold 
(8ec. 67, 4). If ferric ion is present, the liquid 
is treated with ammonia in excess, and filtered, 
and the filtrate acidified, and treated in the cold 
with hydrogen sulphide water. A white pre- 
cipitate indicates the presence of zinc ion 
(Chap. III., No. 47). 

(33) If the ammonium suljihidc lucciiiitate contains 
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so little nickel and cobalt sulphide that it dis- 
solves completely when treated with hydro- 
chloric acid (142, 6), the nickel or cobalt must 
bo present as hydroxides in the precipitate 
produced as in (143). 

If their ions have not been detected in (147) 
to (149), and traces of tJiem arc not to be over- 
looked, a fresh portion of the hydroxide pre- 
cipitate is dissolved in hydrochloric acid, and 
one portion of the solution is tested for cobalt 
by means of nitroso-jS-naphthol (i>cc, 60, 18), 
wliilst another portion is treated with ammonia 
in excess and tested for niekd by means of 
dimethylglyoxime (See. 59, 18). Or another 
portion of the solution, which has be('n treated 
as in (yy) and eventually filtered from zinc 
sulphide, is treated with hydrogen sulphide while 
healed. Any precipitate formed can only con- 
tain nickel or cobalt sulphide, or at all events 
zinc ion, which, owing to the action of chromic! 
ion, has been precipitated by sodium hydroxide 
(p. 260). It is treated as in (142, 6, or 143, 147). 

(jS) It docs not dissolve complete! (f, hut leaves a black residue. 147. 
This indicatCvS cobalt and nickel sulphide [cf.. however, 
Chap. III., No. 52). Since, however, es})ecially in the 
case of precipitates rich in ferrous sulphide, some of 
this ])recipitate is often ])rotected against the action 
of hydrochloric acid by ])eing enveloped in separated 
sulphur, it is not yet possible to conclude with absolute 
certainty that cobalt or nickel sulphide is present. 

4dic iKpiid is filtered, the residue washed, and the 
fdtrate tested as in (143), whilst the precipitate, together 
witli tlic filter paper, is ignited in a porcelain (!rucible 
in a current of air until the paper is incir^crated. 

The residue from the ignition is heated with hydro- 148. 
chloric acid containing a few drops of nitric acid until 
it has completely dissolved (Chap. III., No. 51). * The 
solution is then diluted with a little water, treated 
with ammonia solution in moderate excess, and filtered 
from any precipitated ferric liydi'oxide. 

A i)ortion of the filtrate, which*is blue in the pre- 
sence of any considerable quantity of nickel compounds, 
brownish when colmlt compounds are present in any 
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large amount, but shows a less distinctive colour in 
the presence of both, is then tested with ammonium 
sulphide. If this produces a black precipitate, the 
presence of cobalt or nickel compounds is proved. 

In that case, the remainder of the ammoniacal 
filtrate is evaporated to dryness, the ammonium salts 
completely expelled by gently heating the residue 
(Chap. III., No. 54), and the following test ajiplied, 
unless the method described in Chap. III., No. 54, last 
paragraph, is preferred : — 

(aa) A portion of the residue is heated in a borax head 
in the outer and then in the inner flame of a Bunsen 
burner. If the bead, heated in the oxidation 
flame, is violet while hot and reddish-brown when 
cold, and becomes grey and turbid when heated 
in the reducing flame, nickel is present. If, 
however, it is blue while hot and cold, both in 
the outer and in the inner flame, cobalt is present. 
Since, however, in the latter case the presence ot 
nickel, and in the presence of much nickel, traces 
of cobalt frequently cannot be distinctly recog- 
nised by means of a borax bead, the following 
test is made : — 

149 . (bl^) The remainder of the residue is dissolved in a 

little hydrochloric acid containing a few drops 
of nitric acid, the solution evaporated almost to 
dryness and rendered alkaline with sodium 
carbonate. The resulting precipitate is filtered 
off, dissolved in a little acetic acid, the solution 
treated with excess of that acid, and finally with 
fotassium nitrite. (Sec. GO, 15). If a yellow pre- 
cipitate is produced in the liquid acidified with 
acetic acid (possibly after standing for some time), 
the presence of cobalt ion is confirmed. The liquid 
' is filtered after about 12 hours, and the filtrate 

tested for nickel ion by means of sodium hydroxide 
(Chap. III., No. 54). 

150 . 2 . Detection of the cations of the third and fourth groups in the presence 
of considerable quantities of chromic ion, including cases where 
there is a possibility that phosphates, borates, silicates, oxalates, 
or fluorides of alkaline earth metals, or also silicic acid may be 
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simultaneously precipitated, i.e. when the original solution showed 
a chromium coloration, or an acid (or under certain conditions 
an alkaline, cf. 140) reaction, and yielded a precipitate with 
ammonia, even in the preliminary examination in (137). 

The liquid mentioned in (137) is treated, if necessary, with 151. 
a little ammonium chloride, then rendered just alkaline with 
ammonia (Chap. 111., No. 42), and is finally treated with am- 
monium sulphide until it has a [)erceptible odour of the reagent 
wlicn shaken. It is then shaken to promote the separation 
of the precipitate, heated gently for some time, or allowed to 
stand loosely covered for some time in a warm place, until the 
sii])ernatant li(piid is clear, and then filtered (Chap. III., No. 48). 

The filtrate, which contains or may contain the cations of 
Groups II. and I., is set aside to be examined later, as in Sec. 171. 

If it is brown, the presence of nickel ion is indicated ; this must 
be removed (Chap. 111., No. 40). If the filtrate cannot immediately 
bo subjected to further examination, the ammonium sulphide must 
either bo protected from the action of the air, or removed or destroyed 
(Chap. III., No. 61). 

The precipitate, however, is washed with water containing 
a very little ammonium sulphide ((^hap. III., No. 40) and used 
for the detection of cations by the method described in (152). 

Since the original substance has subsequently to be tested for 
all the anions which it may possibly contain, it is unnecessary at this 
stage to apply tests for anions present in the ammonium sulphide 
precipitate ; but since it is often advantageous to get to know these 
at once, especially when any considerable amount of a cation of the 
alkaline earth metals is present in the ammonium sulphide precipitate, 
the detection of the anions in question is dealt with after the descrip- 
tion of the tests for cations in (160) 

The precipitate is separated, immediately after washing, from 152. 
the filter by moans of a spatula or a line jet, and ^examined as 
in (142). That is to say, it is either heated if it is white, and so 
cannot contain nickel or cobalt sulphide (or ferrous sulphide), 
with dilute hydrochloric acid ; or if it is dark, it is treated in 
the cold with a moderate excess of a mixture of hydrochloric 
acid and hydrogen sulphide water (about 1 part of hydrochloric 
acid of sp. gr. 1T2 and 4 parts of hydrogen sulphide water. 

Chap. III., Nos. 50 and 51). 

{a) A residue is left. *This is filtered olf, and the filtrate treated 153. 

as in (1541. The residue, if black, may contain nickel 

41 
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154 . 


and cobalt sulphide ((/.also Chap. III., No. 52), also silicic 
acid and sulphur (and possibly also calcium fluoride and 
oxalate, which are somewhat sparingly soluble in hydro- 
chloric acid). 

It is washed, a small portion of the moist precipitate 
reserved, and the remainder dried, incinerated together 
with the filter paper, and gently ignited with access of air, 
so as to burn away the sulphur, and a portion of the residue 
heated with hydrochloric acid containing a little nitric 
acid. If silicon dioxide is present, it is left as an insoluble 
residue (p. 634, footnote). 

In order to identify this with certainty the residue is fused 
with sodium carbonate, the fused mass extracted with water, 
the extract filtered, the filtrate acidified with hydrochloric acid 
and evaporated to dryness, and the residue treated with hydro- 
ehloric acid and water. Silicon dioxide must be left as an 
insoluble white residue (Chap. III., No, 53). 

The solution (or the filtrate) is tested for cohalt and nickel 
ions as in (148). 

The remainder of the ignited residue is tested for fluorine 
ion as described in Sec. Ill, 6, if silicic acid is absent, or as 
in Sec. Ill, 7, if silicic acid is present. If fluorine ion is 
detected, the residue left from the treatment with sulphuric 
acid is tested for calcium ion by treating it with a little 
water, filtering the solution, and adding 1 volume of dilute 
alcohol (Sec. 36, end of 3). 

In order not to overlook any calcium oxalate which may 
possibly be present in the residue, the smaller portion of the 
ignited residue reserved above is treated with stronger hydro- 
chloric acid and tested for calcium ion as in (165), and then for 
oxalic acid (160, 66), if calcium is found. 

(6) No residue is left (exce})t a little separated sul])hur, the 
purity of which should be ascertained by washing, drying, 
and ignition). This indicates the absence of nickel and 
cobalt sulphides, at all events in any considerable pro- 
portion. For the detection of smaller quantities, see 
(146, S8). 

The solution is boiled until the hydrogen sulphide has 
been expelled (Chap. III., No. 57, c. 2), filtered if necessary, 
and tested as follows : — 
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(a) A small portion is nearly neutralised with ammonia, 155 . 
treated with dilute hydrochloric acid, and gently 
heated for some time. 

(aa) If no 'precipitate is formed, from 1 to 2 volumes 
of dilute alfiohol is added. If this produces a wliite 
])reci])itate, the presence of calcium sulphate is ’ 
indicated. The liquid is filtered, the precipitate 
treated with water, and the filtrate tested with 
ammonium oxalate. 

Since the precipitated calcium sulphate may also 
contain traces of strontium sulphate, it is advisable 
in accurate analyses to test any residue left from 
the treatment with water for strontium by means of 
the spectroscope (Sec. 35, 10). 

(hh) If a precipitate is jiroduced hj dilute sulphuric 
acid, it may be barium, or strontium sulphate, or 
possibly calcium sulphate (cf Chap. III., No. 52, 
(‘specially at the end). It is filtered off and the 
filtrate treated as in (aa). The precipitate is 
wasluid, decomposed by fusion with sodium 
])otassium carbonate, the alkaline earth carbonates 
washed and dissolved in hydrochloric acid, the 
solution evaporated to dryness, the residue dis- 
solved ill water, and the solution tested as in (163). 

()3) A larger portion is heated with a little nitric acid, 156 . 
and a small sample of the cold solution (Chap, III., 

No. 57, c, 2) tested for ferric ion by adding potassium 
ferrocyanide or jiotassium thiocyanate solution drop 
by drop. (The original hydrochloric acid solution ^ 
must be tested with potassium ferrocyanide and 
[lotassium thiocyanate to determine whether the iron 
was present in the form of a ferrous or ferric com- 
pound. Chap. 111., No. 56.) The remainder of the 
solution is treated with ferric chloride in such quantity 
that on mixing a drop thereof with a drop of ammonia 
solution on a clock glass a yellow precipitate is formed 
(Chap. 111., No. 57, c, 1), and theliquid then evaporated, 
preferably on the water bath, to a simll residue. 

This is transferred with the aid of a little water to a 
boiling flask, treated with sodium carbonate, so as 
nearly to neutralise the free acid, and the still clear 
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cold solution treated with an excess of barium carbonate 
(Chap. 111., bio. 57, c, 3, 4, and 5), and allowed to 
stand in the cold until the liquid above the precipitate 
is clear. The precipitate {aa) is filtered off from tlie 
solution {hh), and thoroughly washed. 

(aa) The precipitate is now ])oiled for some time with 
sodium or potassium hydroxide freshly prepared 
from pure alkali hydroxide (Chap. 111., No. 58), 
the solution filtered, and the filtrate tested for 
aluminium inn by acidifying it with hydrochloric 
acid, rendering it just alkaline with ammonia, 
and boiling it. 

157. If the solution or the alkali hydroxide contains 
silicic acid, the precipitate regarded as aluminium 
hydroxide may also be silicic acid. If there is reason 
to suppose this to he the case, the precipitate pre- 
sumed to be aluminium hydroxide is fused with a 
little potassium hydrogen 8ulj)hate on the lid of a 
platinum crucible, and treated with hydrochloric 
acid and water. 'Fhe resulting aluminium sulphate 
dissolves, whilst silicon dioxide remains undissolved, 
and the aluminium ion may be precipitated from the 
solution as hydroxide by means of amftionia. 

The portion of the prec.i])itate insoluble in 
sodium hydroxide solution is tested for chromium 
by fusing it with potassium chlorate, and treating 
the fused mass with water (Sec. 41, 12). A yellow 
coloration indicates the formation of chromate ion. 

, Should a green or red coloration, due to manganese 

ion, be produced, the method given in (146) is 
folio w^ed (Chap. III., No. 57, c, 5). 

. (hh) The solution is treated with a few droj)8 of hydro- 
chloric acid, boiled (to expel all carbon dioxide), 
and then treated with ammonia and ammonium 
' sulphide. 

158. (aa) No precipitate is formed. The absence of 

manganous and zinc ions is indicated. The 
sohition, which contains barium chloride, 
is treated with a slight excess of dilute 
8ul]>huric acid, filtered, rendered alkaline with 
ammonia, and tested with ammonium oxalate. 
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If a precipitate is formed, the presence of 
mlciwn ion already detected (155, aa) is con- 
firmed. If strontium ion has been found in 
(155) a little more ammonium carbonate is 
added, the liquid filtered from any precipitate 
produced, and the filtrate tested for magne- 
sium ion by means of sodium ammonium 
hydrogen phosphate. 

()3^) A frecipitate is fanned. It is allowed to 159 . 
subside, filtered off, and the filtrate treated 
as in (158). The precipitate, which may consist 
of the sulphides of manganese or zinc (together 
with traces of cobalt and nickel), is washed 
and tested for manganese, zinc, cobalt, and 
nickel (if the last mentioned lias not already 
been found in (153) as in (142) to 149)). 

(y) If alkaline earth metal ions have been detected in (a) 160 . 
and (/3), and the anions with which they are in com- 
bination in the ammonium sulphide precipitates are 
to be identified, tests for the anions in question are 
applied to the hydrochloric acid solution (152) of the 
precipitate jiroduced by ammonia and ammonium 
sulphide as in (l50), in which examination it is to be 
noted that phosphate and silic-atc ions in combination 
vith aluminium or chromic ions may also be present 
in the precipitate produced by ammonia and am- 
monium sulphide. 

(aa) A portion of the solution is evaporated in a small 
basin or clock glass on the water bath, and the * 
residue thoroughly dried on the water bath and 
tre^ated with hydrochloric acid. If silicate ion 
was present in the solution, an insofuble residue 
of silicon dioxide will be left (p. G34, footnote). 

The solution is then tested for phosphate ion fay 
evaporating it with nitric acid, and treating it with 
ammonium molybdate solution (Sec. 107, 10). 

(hh) A second portion is concentrated by evaporation, 
treated with excess of sodium f-arbonate, boiled 
for som® time, and filtered, and a portion of the 
filtrate tested ioi^oxalatc ion by acidifying it and 
adding calcium sulphate solution. A further 
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portion is slightly acidified with hydrochloric 
acid and tested for horate ion by means of turmeric 
paper (Secs, 110, 7, and 109, 5). 

(cc) The remainder of the solution is treated with 
ammonia, and the precipitate Ke})arated, washed 
and tested for jluorineion, as in Sec. Ill, 6 and 7). 

Sec. 171. 

Separation and Identification o! the Cations of Group n. pre- 
cipitated by Ammonium Carbonate, in the presence of 
Ammonium Chloride. 

Barium, Strontium, and Calcium Ions. 

General Survey. 

The solution, which still contains members of Groups I. and II., 
is treated mth ammonium carbonate to preci})itatc barium, strontium, 
and calcium ions as carbonates, the precipitate dissolved in acetic 
acid, and barium ion precipitated as barium chromate by means of 
potassium chromate. The filtrate is treated with ammonium 
carbonate to re-precipitate strontium and calcium ions, the pre- 
cipitate dissolved in hydrochloric acid, the solution neutralised with 
animonia, and calcium ion precipitated as calcium potassium ferro- 
cyanide from the hot solution by means of potassium ferrocyanide. 
Strontium ion is precipitated from the filtrate by means of ammonium 
carbonate. 

The separation of the three alkaline earth metals may be repre- 
sented in tabular form as follows : — 


There may bo present 
BaCO;,, SrCO,, Ca(J(). 

in the precipitate produced by ammonium carbonate: 

, ; the precipitate is dissolved in acetic acid, -|-K.^Cr04. 

Precipitate : BaCr04. 

I’lltnit'e. .Sr(C2U302)2, Ca(C2H302)2, +(.N 114)200,. Precipi- 
tate of SrCOj, CaCOs- Dissolved in HCl, (.’Oj boiled otf, solu- 
tion rendered justaikaline witli NH4OH ; +K4>’e(CN)g, boiled. 

Precipitate: [Filtrate: ^(NlJPaCOs, white 

CaK<NH4)Fe(CN)2. j precipitate of Srt;03. 


Process in detail. 

161. A 'portion of ike solution, which can now contain only members 
of Groups Land II., is tested with am^noviutri carbonate to determine 
whether barium, strontium, or calcium ions are present. 

For this 'purpose a small quantity of the solution (HI) or (151), 
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filtered from tJte ammonium sulphide precipitate (and if necessary 
treated as in Chap. III., No. 61), is treated with ammonium carbonate 
and gently heated (not to boiling point) for so7ne time ; or, if ammonium 
sulphide has produced no precipitate, afresh portion of the clear solution 
used in (137) is taken, after being treated, if necessary, with ammonium 
chloride and rendered alkaline with ammonia. 

Since the presence of a large quantity of ammonium salts has some 
influence on the precipitation of barium and calcium carbonates, it is 
better in the case of very accurate analyses, when a precipitate has been 
produced by ammonium sulphide, or if the original solution contains a 
large amount of ammonium salts, not to use the filtrate immediately, but 
first to remove the ammonium salts from the whole of it. For this purpose it 
is evaporated at once to dryness, or is treated with lead peroxide, or acidified 
with hydrochloric acid, the solution boiled until the separated sulphur 
has agglomerated, and filtered, and the filtrate evaporated to dryness 
(Chap. III., No. 61). 

In either case the ammonium salts are completely eliminated by gentle 
ignition, the residue moistened with hydrochloric acid, diluted with water, 
filtered if necessary, treated with a little more ammonium chloride if 
required, and tested with ammonium carbonate as described above 
(Chap. III., No. 62). 

If the filtrate from the ammonium sulphide precipitate was brownish 
or brownish-black, owing to the presence of dis.solvcd nickel sulphide, the 
latter must bo completely removed by means of acetic acid as in (161) 
prior to making the test ((fhap. III., No. 49). 

1. No precipitate is formed. This indicates the absence of any con- 

siderable amount of barium, strontium, or calcium ions. In 
order to detect even traces of these, a little ammonium sulphate 
(prepared by treating dilute sulphuric acid with excess of 
ammonia) is added to a second portion of the solution. If a 
turbidity is produced, the presence of traces of barium ion is* 
indicated. A third portion is treated with ammonia and 
ammonium oxalate, and if a turbidity is produced, possibly 
only after standing for some hours, traces of calcium are present. 

The remainder of the solution is then treated as in Sec. 172, 
after removal of any traces of barium or calcium ion b^ means 
of the reagents used for their detection. 

2. A precipitate is for}ned. The presence of calcium, barium, or 162. 

strontium ion is indicated. The whole of the liquid, a portion 
of which was tested with ammonia and an^monium sulphide, 
is treated in the same way as the sample, gently heated and 
filtered from the resulting precipitate, and a portion of the 
filtrate tested for any traces of barium or calcium ion which may 
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possibly be present, by means of ammonium sulphate and 
ammonium oxalate (161). If found, these ions are separated 
by means of the same reagents, and the liquid, now completely 
freed from barium, strontium, and calcium ion, is tested for 
magnesium ion as in Sec. 172. The precipitate produced by 
ammonium carbonate is washed with water containing a little 
ammonia. It is then dissolved in acetic acid, the solution 
evaporated on the water bath until most of the acetic acid has 
been expelled, and the residue treated with water, and filtered 
if necessary. 

A larger portion of the solution is heated to boiling point, 
if necessary, after the addition of three or four drops of acetic 
acid, then treated with sulUcient potassium chromate solution 
to make the liquid yellow, and again boiled. If any odour of 
acetic acid should still be perceptible, a little more potassium 
chromate solution is added, and the mixture allowed to stand 
for an hour. 

(a) No 'precipitate U formed. Barium ion is absent. The rest 
of the solution is treated in the same way as the hydrochloric 
acid obtained in (167). 

ih) A precipitate is formed. Barium ion is present. The 
precipitate is filtered off. and the filtrate allowed to stand 
for some time in a warm jilace. 

(a) No precipitate, is fanned. fStrontium and calcium ions 
are absent. 

(j3) A precipitate is formed. It is filtered off, washed, and 
dissolved in the smallest possible quantity of dilute 
hydrochloric acid. 

A large portion of this solution (and in the case of 
(163, a) a second large portion of the solution from the 
end of (163)) is rendered just alkaline with ammonia 
.solution free from carbonate, heated to bailing point, 
treated with excess of potassium ferrocyanide solution, 
and again heated. 

(aa) No precipitate is fanned. Calcium ion is absent ; 
strontium ion is jiresent. As a confirmatory test, 
the solution, a j portion of which has been tested 
with potassium ferrocyanide, is treated with 
calcium sulphate solution^ which ought to produce 
a precipitate after some time ; confirmation is 
also obtained by means of the spectroscope. 
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(bh) A precipilale is fanned. Calcium ion is present. 166. 
The liquid is filtered, the filtrate, after a test has 
shown that no further precipitate is produced by 
potassium ferrocyanide, is treated with ammonium 
carbonate and allowed to stand for some time. 

(aa) No ^precipitate is formed. Strontium ion is 
absent. 

(^j3) A precipitate is formed. Strontium ion is 
present. 

As a confirmatory test, the precipitate is 
filtered off and tested spectroscopically ; or 
it is dissolved in hydrochloric acid, the solu- 
tion evaporated to dryness on the water 
bath, the residue taken up with water, and 
the solution treated with calcium sulphate 
solution. A preci])itate appearing after some 
time proves the })rc8ence of strontium ion. 


Sec. 172. 

Detection of Magnesium Ion. 

General Survey. 

The detection oi tlie presence of magnesium ion is elTected by 
means of the characteristic precipitate of crystalline magnesium 
ammonium [)li()sphate. The filtrate from this precipitate, however, 
is unsuitable for the detection of alkali metal ions. Hence, only a 
portion of the solution which has been freed from the members of 
Groups III. to VI., and from barium, strontium, and calcium ion, 
is tested for magnesium ion. Should, however, magnesium ion be** 
found, it is separated., jirior to applying the tests of alkali metal ions, 
by another nuihod, described in Sec. 173. 

Proce^ss in detail. 

A portion of the liquid in which ammonium carbonate or sulphate 167. 
or oxalate has produced no precipitate (IGl), or of the filtrate from the 
precipitate produced in (162), is treated with ammonium chloride [if 
an ammonium salt i^ not already present) and then with about a third 
of its volume of ammonia solution, followed by sodium ammonium 
hydroyen phosphate, and if a qweeipitate doe^ not appear immediately, 
the sides of the ylass vessel are yenily rubbed with a ylass rod, and the 
whole albivcd to stand for some time' 
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1. No precipitate is formed. Magnesium ion is absent. The 

analysis is continued at Sec. 173 (168). 

2. A crystalline precipitate is forymd. Magnesium ion is present. 

Tests for alkali metal ions are applied as described in Sec. 173 
(169, h or c). 

Magnesium ammonium phosphate is always crystalline, as may 
readily be recognised by separating the liquid, after standing for some 
time, from the sides of the vessel on which the sejiarated precipitate 
has deposited (by inverting the test-tube closed with the thumb, or 
inchning the flask). If, however, only a slight flocculcnt precipitate 
is produced by sodium ammonium hydrogen phosphate, the fact 
does not justify the conclusion that magnesium ion is present. Such 
a precipitate may be aluminium phosphate (or possibly barium or 
calcium phosphate) (Chap. 111., No. 62). It is filtered off, and treated 
with a little acetic acid (in which aluminium phosphate is insoluble), 
the solution filtered, and the filtrate (which must not give a turbidity 
with ammonium sulphate and oxalate, or if so must be filtered) is 
treated with ammonia and a few drops of sodium ammonium hydrogen 
phosphate solution. If magnesium ion was present, a crystalline 
precipitate is now obtained (c/. also Chap. III., No. 64). 

Sec. 173. 

Detection of Potassium and Sodium Ions. 

General Survey. 

The examination to determine whether any alkali metal ion is 
present consists in evaporating the solution, which is free from other 
cations, to dryness, volatilising any ammonium salts which may be 
present, and noting whether a non-volatile residue is left after 
‘ gentle ignition. The aqueous solution of this residue is tested with 
platino-hydrochloric acid or sodium hydrogen tartrate for the 
presence of potassium ion, and with disodium dihydrogen pyro- 
antimonate for sodium ion. 

An essential condition for these tests is the preliminary removal 
of all disturbing substances. In by far the greater number of cases 
the solution mentioned in (167, 1) is already free from cations of 
Groups II. to VI. The residue from its evaporation and ignition 
need, therefore, only be tested with barium chloride to ascertain 
that no disturbing anions are present (Chaf). III., No. 66). If no 
precipitate is produced, the solution mey be dircctl/ evaporated 
and the residue gently ignited. If, however, barium chloride pro- 
duces a precipitate, such precipitate must be filtered off and the 
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excess of barium ion separated from the filtrate. If a precipitate 
was obtained in (167, 2), magnesium ion must also be separated prior 
to the evaporation, and if organic acids were present, so that the 
substance which had been treated with sulphuric acid, as described 
in (136), has to be used, it is also necessary to separate from it the 
sulphuric acid, any cations of Groups II. to IV. still present, together 
with any anions which might interfere with the examination. In 
either of these cases the solution is also treated with barium chloride 
until the whole of precipitable anions have been removed, and then 
with barium or calcium hydroxide to precipitate the cations of 
Groups III. and IV., and also magnesium ion as hydroxides. 

In the three last-mentioned cases a filtrate is thus obtained, which, 
in addition to any alkali metal ions that may be present, may also 
contain barium ion and possibly strontium and calcium ions. These 
three ions are precipitated by means of ammonium carbonate (and, 
if necessary, also by means of ammonium oxalate), and a solution 
is now obtained, which, on evaporation, leaves a residue, which is then 
ignited. 

Process in detail. 

(a) If the orifjinal substance contains no organic substances^ and 168 . 
magnesium ion has not been deteeted rn (167), a portion 
(not too small) of the solution mentioned in (167) is 
evaporated to dryness, preferably in a platinum basin or 
on a [)latinum crucible cover, and the ammonium salts 
expelled by gentle ignition. 

(a) No residue is left. Potassium and sodium ions are 169 . 
absent (Chap. 111., No. 67). The analysis is continued 
at (172). • 

(^) A residue is left. It is dissolved in a little water ; or, 
if it is insulticicnt in quantity, the residue obtained in 
the same way, by evaporating a larger quantity of 
the solution in a porcelain basin and igniting the 
residue, is used, and a portion of the solution is treated 
with barium chloride. 

(aa) No precipitate is formed. Anions which might 
ijiterferc are not present. Potassium or sodium 
ion is present. 

A further portion of the solution is tested with 
ammonia and ^immonium carbonate, to prove that 
no residual traces of barium, strontium, or calcium 
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ions or of silicon dioxide are present in tlie residue 
(Chap. III., No. 69). If a precipitate is produced by 
these reagents, the whole of the remainder of the 
solution of the ignited residue is treated with the 
same reagents, allowed to stand for some time end 
liltcred, the filtrate evaporated to dryness, and the 
residue ignited to expel ammonium salts, and dis- 
solved in a little water. This solution, or the solution 
of the first ignition-residue, if it has remained clear 
on the addition of ammonia and ammonium carbonate, 
is treated as follows : — 

The examination is continued as in (171), 
i.e. portions of the solution of the residue are 
tested as there described in (a), (P), and (y). 

(bb) precipitate is produced hij barium chloride. 
Anions which will interfere with the test are pre- 
sent. The analysis is continued as in (170). 

(6) If the original substance ivas free from organic substances, 
but inagnesium ion was found in (167), the whole of the 
solution under examination is evaporated to dryness in a 
porcelain crucible, the residue gently ignited to expel 
ammonium salts (Chap. III., No. 68), and then heated with 
water, and the analysis continued as in (170). 

(c) If the original solutioji contained organic sul)Stauces, so 
that a solution of the portion which has been treated with 
sulpliuric acid in (136) is to be examined, the procedure 
described in (170) is followed. 

170 . The solution to be tested for alkali metals, of the residue ob- 
tained by ignition in (169, hb) or (169, h), or the solution mentioned 
'm (169, c), is treated with barium chloride, and if a precipitate is 
produced, more of the reagent is added, until everything precipitable 
has been precipitated ; and then, if the solution mentioned in 
(169, b or c) ifl present (i.e. if magnesium ion or other cations are to 
be separated), barium hydroxide solution or a thin milk of lime is 
added until the reaction is distinctly alkaline (until the colour of 
turmeric paper becomes a pronounced brown), the liquid boiled for 
some time and filtered, and the j^recipitate thoroughly washed 
(Chap. 111., No. 69). 

The filtrate and washings are treated with ammonia, ammonium 
carbonate, and ammonium oxalate in slight /jxcess, gently heated for 
some time and filtered, and the precipitate thoroughly washed. The 
solution is evaporated to dryness, the ammonium salts expelled, and 
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the residue dissolved in water. The solution is tested with a few drops 
of ammonium carbonate and oxalate solutions to see whether any 
precipitate is still formed, filtered from it if necessary, the filtrate 
evaporated to dryness, the small ainount of ammonium salts expelled, 
and a note taken as in (168) whether a residue is left. 

[а] No residue is left. Potassium and sodium ions are absent 

(Chap. 111., No. 67). The analysis is continued at (172). 

(б) A residue is left. Potassium or sodium ion is present. It is 171 . 

dissolved in a little water, and the solution (which must 
remain clear when treated with ammonium carbonate, 
Chap. III., end of 69) is divided into three parts and tested 
as follows ; — 

(a) With platino-hydrocldoric acid (Sec. 28, 3). 

(j3) With sodium hydrojjjen tartrate (Sec. 28, 4). 

If a yellow crystalline precipitate is formed in (a), 
and a white crystalline precipitate in (/3), 'potassium 
ion is present (Chap. III., No. 70). 

(y) After it has been proved that the solution lias not an 
acid reaction, and if so has been neutralised with a 
little potassium carbonate solution, dipotassium di- 
liydrogen pyroantinionate (See. 29, 3) is added. 

If a white sanddike jirecipitate is formed, sodium 
ion is present. (In applying this test all the precau- 
tions given in Sec. 29, 3, must be observed.) 

The detection (d ammonium ion is effected as in 
(172). 

Sec. 171. 

Detection oi Ammonium Ion. ' 

The original substance must be used for the deled io)} of am- 172 . 
monium ion, since ammonium salts are frequently jiised for the 
detection or separation of cations. A little of the substance, or a 
small portion of the solution, is triturated with an excess of solid 
calcium hydroxide, with the addition of a little water if necessary. 

If a gas with an odour of ammonia is liberated, and this turns 
moistened n;d litmus jiaper blue, and produces white fumes on con- 
tact with a glass rod which has been di])ped in acetic acid, ammonium 
1011 is present. The test is most sensitive when the mixture is stirred 
in a small beaker, the mOuth of which is then covered with a clock 
glass, upon the under-side of wh’/ih is placed a strip of moistened 



664 PRACTICAL METHODS OF GENERAL COURSE CH. i 


turmeric or red litmus paper. Care must be taken that there are 
no particles of calcium hydroxide upon the edge of the beaker which 
might act upon the test paper. 


Mixed Compounds. 

A. Substances soluble in water. 

Detection of Anions. 


Seo. 175. 

L In the absence of Organic Anions. 

General Survey, 

For the detection of anions which have not already been found 
in the examination for cations, portions of the neutralised solution 
are tested with the group reagents barium chloride and silver nitrate, 
with subsequent acidification, for members of the first group (and 
especially for sulphate ion if a positive result is obtained) and for 
members of the second group respectively, and separate portions of 
the original substance are then tested for the individual members 
of the third group. Individual reactions are used for the detection 
of the different anions of the third group, in so far as their ])resence 
has not been proved by means of the group reagents. If members 
of the second group are detected by means of silver nitrate, test 
reactions for individual substances are also applied in this case, 
and if several of them are present together a proceM of separation 
must be used (sec Chap. III., No. 73). 

♦r Process in detail. 

In the first place it is necessary to consider which anions can 
combine with the cations detected, to form compounds soluble in 
water, and to bear these in mind in the following scheme of examina- 
tion. In this connection Table I. given in Appendix IV. will be 
found,' useful by beginners. Since the process described in the 
following pages is most simple and trustworthy when no other 
cations than those of the alkali metals are present, it appears to be 
the most suitable course to precipitate any other cations which may 
be present, by heating the solution with sodium carbonate, prior to 
the examination for anions, and then to apply the tests to the 
filtrate. 



SEC. 175 DETECTION OF INORGANIC ANIONS 


655 


1 . Arsenite and arsenate ions, and also carhonale sulfUde, chrormte, 173 . 

ferricyanoqen, and silicate ions, will, as a rule, have been recog- 
nised already in the preliminary examination or in the course 
of the tests for cations (see Secs. 150, 164, 165, and 167). 
Chromate ion may also be readily recognised by the yellow or 
reddish-yellow colour of the solution. In doubtful cases a test 
is made with lead acetate after the addition of acetic acid 
(Sec. 101, 8). 

2. The reaction of the solution is determined, and, if it is neutral, a 174 . 

larger portion is rendered exactly neutral with nitric acid or with 
ammonia. Should a precipitate be formed (possibly of silicic 
acid, magnesium hydroxide, etc.) it niu.st be filtered off. If 
a gas is evolved during the neutralisation, it should be tested 
as in (105) for carbonate, sulphide, and cyanide ions, and the 
gas expelled by boiling (in any case in a fume cu])board, in case 
it is not merely carbon dioxide). Of this liquid four [)ortions 
are taken for the tests in 3, 4, 7, and 8. 

3. A portion of the clear neutral solution obtained in 2 is tested with 175 . 

barium chloride or, if the solution contains lead, silver, or 
mercuric io?i, with barium nitrate. 

(«) No precipitate is formed. The analysis is continued at (176), 
since sulphate, phosphate, oxalate, silicate, chromate, 
arsenite, and arsenate ions, or any considerable amount of 
borate or fluorine ions arc absent. 

If any considerable quantity of anunonium salts is present in 
the solution, this test is not so conclusive, because ammonium 
salts have a more or less pronounced solvent influence on the 
barium salts of most of the acids numtioned (but not on barium 
sulphate). The precipitation of barium borate is also consider- 
ably affected, or even prevented, by the presence of alkali salts ' 
(see Chap. III., No. 72). 

(6) A precipitate is formd. 4die liijuid is diluted^ and hydro- 176 . 
chloric or nitri(‘ acid added ; if the precipitate is insoluble 
or only partially soluble, sulphate ion is present (c/, 
however, Chap. III., No. 76). ^ . 

4 . Silver nitrate is added to a further portion of the neutral clear 

solution (see 2). 

(a) No precipitate is fornwd. The analysis is continued at (181), for 
neither chlorine, bromine, iodine, cyanogep.i thiocyanogen, 

1 The fact that, the cyanogen in mercuric cyanide is not detected by silver 

nitrate was mentioned in (73). , 
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ferrocyanogen, ferricyanogcn, or sulphide ions are present, 
nor piiosphate, arsenate, arsenite, chromate, oxalate, or 
silicate ions, nor, if the solution was not too dilute, any 
borate ion. 

177 . (M ^ ‘precipitate w for^wd. The coloiii is noted, and the liquid 

then shaken with nitric acid. 

Silver chloride, bromide, cyanide, thiocyanate, ferrocyanido, 
oxalate, silicate and borate arc white ; l silver iodide, ortho- 
phosphate, and arsenite are yellow ; silver arsenate and ferri- 
cyanide brownish-red ; silver chromate purple-red ; and silver 
sulphide black. 

178 . precipitate dissolves completely. The analysis is 
continued at (181), for neither chlorine, bromine, 
iodine, cyanogen, tliiocyanogen, ferrocyanogen, or 
ferricyanogen ion is present, nor is sulphide ion. 

(j3) A residue is left.'^ This indicates the presence of 
chlorine, bromine, iodine, cyanogen, thiocyanogen, 
ferrocyanogen, or ferricyanogen ions, and if it is black 
or blackish, also of sulj)hide ion. If necessary, tlie 
presence of sulphide ion may be readily proved by 
mixing a further portion of the original solution wuth 
an alkaline lead solution (prepared by treating a solu- 
tion of lead acetate or nitrate with sodium hydroxide 
solution until the resulting precipitate has re-dissolved). 
(aa) A fresh portion of the original solution, or of the 
liquid which has been treated with sodium car- 
bonate and filtered, is treated with a large drop of 
carbon bisulf)hide and a small quantity of a solu- 
‘ tion of nitrous acid in sulphuric acid (potassium 

nitrite and sulphuric acid), and the tube shaken. 
If the carbon bisulphide becomes violet in colour, 

’ iodine ion is present. A little fnvsh (chlorine water 
is carefully added, whether or no there was a 
violet coloration, and the tube, again shaken. If 
the carbon bisulphide was coloured violet through 
the separation of free iodine, the additi(m of 
chlorine water k continued until the violet colour 

^ If organic anio.is uri! present, a precipitate formed in a very concentrated 
solution may also be silver acetate. 

* Under certain conditions precipitates of cinnamic, benzoic, or salicylic 
acids (soluble in ether) may apjiear. 
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just disappears, and a small additional quantity 
then added. If the carbon bisulphide becomes 
reddish-yellow, cither immediately or after the 
violet coloration has disappeared, bromine ion is 
present (c/, however, cc; also Chap. III., No. 

73). 

(66) A small portion of the liquid mentioned in (aa) is 179. 
treated with a little hydrochloric acid and tested 
with two or three drops {7iot more, cf. Chap. III., 

No. 74) of ferric chloride solution. A red colora- 
tion indicates thioojmiogcn ion, and a blue jjrc- 
cipitate ferroetjanogen ion. If the latter is obtained, 
a further portion of the liquid mentioned in (aa) 
is acidified with hydrochloric acid and shaken with 
ether, and tlie ethereal layer separated and tested 
for i/iiocganogen ion with ferric chloride. Another 
}K)ition of t)i<‘ liquid is tested for ferrieganogen ion 
{i.r. if the colour of the silver nitrate ])recipitate 
indicated that it might be present) by means of 
a freshly-prepared solution of ferrous sulphate, 
obtained by heating pure iron wire with dilute 
sulphuric acid. 

(ca) Cyanogen ion, if ])resent in an alkali cyanide 
solubhi in water, may usually be recognised at once 
by the odour cd hydrocyanic acid emitted by the 
substance, this being juore pronounced on the 
addition of a litth; dilute sulphuric acid. If 
feiTocyanogen or ferricyanogeii ion is not present, 
the cyanogen may be, detected in the liquid « 
mentioned in (aa) by means of ferrous sulphate, 
ferric chloride, and sodium hydroxide, with the 
subsequent addition of hydrochlorie acid as in 
Sec. 120, 7. For its detection in the presence of 
those ions, see Sec. 125, 4. 

Since cyanogen ion materially interferes tvith 
the detection of iodine and bromine ions by means 
of nitrous acid (or chlorine water) and carbon 
bisulphide, a negative result of the test in (aa) is 
not a conclusive proof of the absence of iodine or 
bi’omine ion if cyanogen ion is present. In order 
to detect these itJns in this case, it is best to destroy 

42 
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the cyanogen ion beforehand, and to proceed as 
described in Sec. 125, 5. 

180. If iodine, bromine, cyanogen, thiocyanogen, 
ferrocyanogen, ferricyanogen, and sulphide ions are 
not present the precipitate insoluble in nitric acid 
was silver chloride, and the presence of chlorine ion 
is proved. 

If, on the other hand, one or more of these 
other substances was present, a special examina- 
tion for chlorine ion is necessar}% cs])ecially if it is 
not possible to conclude with certainty from the 
relative pro})ortions of the precipitates that 
chlorine ion is present. i In such exceptional 
cases one of the methods given in Sec. 125, 8, is 
used. 

181. 5. Chlorate ion may be recognised by the yellow coloration which is 

obtained on introducing a little of the original substance, or 
of the solid residue left on evaporation, into concentrated sul- 
phuric acid in a clock-glass (Se(\ 131, 7). 

6. Nitrate ion is detected by testing a portion of the original solution 
with ferrous sulphate and sulphuric acid (Sec. 13U, G). 

The presence of Bomc other anions may intt'rfere \s itli or prevent 
this reaction. If such anions (especially chlorate, chromate, iodine, 
or bromine ion) were present, they mast Ix' either destroyed or re- 
moved. In the case of chlorate ion this is ellectecl by ignition with 
sodium carbonate (Sec. 132, 3) ; chromate ion is reduced with sulphur 
dioxide, and the chromic ion pivcipitated by ammonia ; whilst iodine 
and bromine ions are precipitated by means of silver sulphate. Nitrate 
ion may also be detected as in See. 130, 16. 

Tests for plm'fihate, oxalate, silicate, borate, and fluorine ions 
still remain to be applied. In the case of the three first ions, 
they need only be made when both barium chlorific and silver 
nitrate have produced a precipitate (175,6), (17G), Chap. 111., 
No. 72. 

182. 7 . In testing for jihos'phate ion a portion of the neutral solution (174) 

is treated with a clear mixture of magnesium chloride, ammonium 
chloride, and ammonia solutions (Sec. 107, 7). Very small 

I If, for exampid, silver nitrate produced an ahundant precipitate which 
was insoluble in nitric acid, whilst in the furth< r examination only traces of 
iodine or bromine ion were found and other amoa.s of the second group wore 
absent, no further proof is required of ftie presence of chlorine ion. 
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quantities of phosphate ion are detected most readily by means 
of ammonium molybdate (Sec. 107, 10). If arsenate ion is 
present, it must be separated beforehand, whatever method of 
examination is used, by means of precipitation with gaseous 
‘ hydrogen sulphide, from the solution previously acidified and 
heated to about 70°. 

8. For the detection of oxalate ion and jiuorine ion, calcium chloride 

is added to a fresh portion of the neutral solution prepared as 
in (174), and if a ])reci})itatc is formed acetic acid is added. If 
no precipitate is obtained (or only a precipitate which dissolves 
readily in acetic acid), oxalate and fluorine ions are not present ; 
if, however, the reverse is the case, although it is not yet possible 
to form a definite conclusion as to the juesence of the.s(‘ anions 
(Chap. 111., No. 75), there is reason for testing the precipitate 
for them. In that case, portions of the original substance are 
tested for oxalate ion ^ as in Sec. 110, 10, and for Jluorme ion as 
in Sec. Ill, 0. Since, however, many oxalates cannot be pre- 
cipitated from their solutions by means of calcium chloride 
(see p. 4.‘12, 4), a direct test for oxalate ion ^ should always be 
made as in >Sec. 110, 10, when heavy metals are present. 

9. For the detection of borate ion, a portion of the original solution, 183 . 

or of tlie filtrate froin the sodium carbonate precipitate, is 
sligiitly acidified with hydrochloric acid, and tested with tur- 
meric paj)er (Sec. 109, 5). 

Since chlorates, cliromates, and iodides interfere with, or prevent 
the reaction, it i.s ncccs.sary to destroy or remove these ions, if present, 
prior to applying the test for borate ion (cf. 181, 6). Any nitrites 
pre.sent, whicdi also have a disturbing infiuenco upon the test, may be 
destroyed by treating the acidified liquid with bromine, the excess of 
which is subsequently removed by boiling. 

to. Should silicate ion not yet have been found in the examination 
for cations, a jiortion of the solution is acidified with hydro- 
chloric acid and evaporated to dryness, and the residue treated 
with hydrochloric acid (Sec. 115, 3). * • 

^ If the sub.Hhinoe contains carbon dioxide, the latter must first be removed 

by means of dilute sulphuric acid. 
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n. Organic Anions are present. 

Sec. 176. 

General Survey. 

The separation of organic anions de]>cnds u])on the use of the 
group reagents : hydrochloric acid, calcium chloride, and ferric 
chloride. 

{a) Hydrochloric acid precipitates cinnamic acid (practically 
completely), and partially j)Teci})itates benzoic acid and salicylic 
acid from concentrated solutions. The precipitate is dissolved in 
sodium hydroxide solution (if necessary after separation of the 
chlorides of Group Vj. by means of ether. Chap. 111., No. 78), and 
the solution rendered exactly neutral, and separate portions thereof 
tested with /crrfc chloride as to wind her (h) a precipitate (cinnamylate 
ion or benzoate ion), or (c) a coloration (salicylate ion) is produced. 
If the former is the case, a test for cinnamylate ion (d) is made with 
manganous sul])hate, and for benzoate ion (c) by Moliler’s method 
(Sec. 141, *.i), a note being inade of what is said on p. 537. (/) The 
filtrate from the hydrochloric acid ])rec.ij)itate (aft('r separation of 
the cations of Groups II. to VT., and also of silicate and carbonate 
ion) is treated with calcium chloride (a) in the })resencc of ammonia 
and a sufhchmt quantity of ammonium chloride. Of the organic 
anions only oxalic and tartaric acids (with possibly ]>hsophate, etc.) 
are preci})itated, since calcium citrate, malate, and succinate are 
retained in solution by the ammonium salts (Chap. 111., No. 72). 
{y) The [)recipitated calcium .salts may be .s('[)arated by means of 
cold sodium hydroxide solution into(;alcium oxalate, which is insoluble, 
and calcium tartrate, which dissolves in that reagent, (h) The former 
may be identified by means (»f manganese dioxides and sulphuric acid 
(in the presence of calcium phosphate, etc., which may be present). 
(!*) Calcium tartrate is precipitated on boiling the soduim hydroxide 
solution, {k) The filtrate from the jirecijiitated calcium salts (/) 
yields, ^on treatment with three parts of 80 jier cent, alcohol, a precipi- 
tate of calcium citrate, malate, and succinate, whilst all other organic 
anions remain in solution. {1) If the calcium salts precipitated by 
alcohol are dissolved in a litllc hydrochloric acid, and the solution 
treated with excess of ammonia and boiled, calciuiTi citrate is pre- 
cipitated (since there is no longer sufficiept ammonium salt present 
to prevent its precipitation), (m) Calcium malate and succinate 
remain in solution. They may 'bc precipitated again by repeating 
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the treatiiK'iit with alcohol, and sejiarated from one anotlier and 
identified by moans of tlie fact tfiat cahiium malate is oxidised to 
calcium oxalate when ova])orated with nitric acid. If the residue 
which has boon heated with nitric acid is boiled with sodium carbonate 
Solution, and the li(juid filtered from the calcium carbonate, the filtrate 
will Contain the sodium salts in solution, (n) The oxalate ion may 
be precij)itated by means of calcium chloride in the presence of 
ammonium chloride. The filtrate when treated with alcohol (o) 
j^^ives a preci[)itate of calcium succinate again. On evaporating the 
alcohol from the first alcoholic precipitation (^j, and treating the 
neuf.ral solution with ferric chloride (p) ferric benzoate is precipitated. 
(q) The solution which has been treated with ferric chloride is violet 
in the prc'sencc of salicylate ion, and red in the presence of acetate 
and formate ions. With regard to their individual identification when 
two or tliR'.e of tliese anions are jiresent together, vide infra (191, 192). 
This scheme of separating the anions of organic acids may be re- 
tuesmited in tabular form (p. 662). 


Proeess in detail. 

d’he examinaf ion for inorganic anions, which must obviously be 
made, is carried out as describe*! in 8ec. 175. 

Witli regard to the organa^ anions, conclusions are drawn from 
the results of the preliminary examinations and of the tests for 
cations, from the degree of solubility, and from observations during 
the detection of inorganic anions as to which anions in general can 
be present, and the subsequent examination is restricted to these. 

Thus cinnamylate ion can only be jircsent if hydrochloric acid 
produced a precipitate in the tests for cations. Tartrate and citrate® 
ions can only be jiresent if both barium chloride and silver nitrate 
produced a precipitate in the tests for inorganic anions, because 
barium and silver tartrates and citrat.es are insoluble ili water. In 
drawing such conclusions, however, it should be noted that they are 
only relatively decisive when considerable (piantities of ammonium salts 
are present, since the salts in question are by no means insoluble 
under such conditions. See also the statements in Chap. III., No. 72, 
which are also applicable here. 

1 . A portion of the original solution is treated, iviih hydrochloric acid 184 . 

(rf 102, lUl, or 109)., 

(a) No precipitate is fanned, (hnnamylate ion is absent. The 
examination is continiied*at (185), 
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(b) A frecvpitatc vi fanned. The liquid in which it is distributed 
is treated with ether (102, b). 

(a) The precij)itate dissolves completely (102, b. a). The 
presence of cinnamylate, benzoate, or salicylate ion is 
indicated. 'Fhe whole of the solution intended for the 
detection of organic anions is treated with liydrochloric 
acid, and the precipitate filtered off, and washed twice 
with cold water. 

. The filtrate is treated as in (185), whilst the precipi- 
tate is further examined by dissolving it in sodium 
hydroxide solution, neutralising the solution exactly 
with hydrochloric acid, and adding a lillle neutral ferric 
chloride solution to a portion thereof. 

(aa) No precipitate is formed. Cinnamylate and 
benzoate ions are absent. 

The liquid has a violet colour. Salicylate ion is 
])resent. 

(bb) A precipitate is formed. 

(aa) Another portion of the neutralised sodium 
liydroxidc solution is treated with manganous 
salphafe and allowed to stand for an hour. 
If a precipitate is form’d, cinnamylate ion is 
present. As a confirmatory test a portion 
of the sodium hydroxide solution is diluted 
with a large amount of water, and treated 
with hydrochloric acid. 

(/3)3) A third portion of the solution in sodium 
hydroxide is subjected to Mohler's test 
(Sec. 114, b) for benzoic acid. A red-h’owft 
coloration indicates benzoate ion (cf., however. 
j>. 537). 

(yy) If the liquid in which ferric chloride produced 
a precipitate is of a violet colour, salicylate ion 
is present. ^ ^ 

(j8) It does not dissolve completely (102, 6, j8) or (103, a). 
The ethereal layer, after standing, is separated from 
the aqueous layer (Chap. III., No. 78), and evaporated, 
care being taken not to ignite the eth^r. 

(aa) No n^iduc is left. Cinnamylate ion is absent. 
The analysis is continued at (185). 
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{bh) A residue is left. Cinuamylate, benzoate, or 
salicylate ion is present. 

It is dissolved in sodium hydroxide solution, 
and the solution treated as described in (a). Other 
organic anions arc detected as in (185). 

185 . testing for organic anions, other than cinnamylate ion, the 

liquid must he free from cations of Groiq^s II. to VI. These are 
removed (in certain cases after a precipitation with hydrochloric 
acid) by boiling the solution with sodium carbonate, or, if this 
does not effect their separation, by precipitation with hydrogen 
sulphide, ammonium sulphide, and sodium carbonate. 

The filtrate from the ])rccipitated metal comjamnds is 
acidified with hydrochloric acid, heated, and sliaken to remove 
carbon dioxide and hydrogen sulj>hide (Chap. HI., No. 77). 
The solution thus obtained is examined as follows : — 

2. The liquid is concentrated, and a portion rendered slightly alkaline 
with ammonia, and treated with ammonium choride and then 
with calcium chloride in not too small a quantity, the sides of 
the vessel rubbed with a glass rod, or the vessel vigorously 
shaken, and the mixture allowed to stand for about two hours. 
(«) A^o precipitate is formed, either immediately or after some 
time. Oxalate and tartrate ions are absent. Tlic analysis 
is continued at (187). 

(b) A precipitate is formed immediately or after some tunc. It is 
filtered off and washed, and the filtrate reserved for further 
examination as in (187). The greater part of the precipitate 
(which, in addition to calcium oxalate or tartrate, may also 
be due to calcium phosi)hate, borate, or fluoride) is treated 
in the cold with freshly-prepared sodium hydroxide solution 
(free from carbonate) (Chap. III., No. 79), then diluted with 
a little water, and filtered from any residue (which must 
eventually be treated as in (186)), and the filtrate boiled 
for some time. If a precipitate now separates, the presence 
of tartrate ion may be inferred. It should be filtered oft 
^ ‘while hot, and examined as in Sec. 134, 11 or 17. 

Since the reaction in which calcium tartrate is re-precipitated 
from its sodium hydroxide solution on boiling may sometimes 
not be obtained (p. 600, footnote 1), it is necessary, in the 
event of % negative result, to test the remainder of the pre- 
cipitate produced by calcium chloride directly with resorcinol 
and sulphuric acid (Sec. 134, 17). A red coloration indicates 
the presence of tartrate ion. * 
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If the precipitate produced ))y calcium chloride is not 186. 
completely soluble in sodium hydroxide solution, it should 
be tested for oxalate ion, if an examination for that ion has 
not already been made, by washing it and treating it with 
dilute sulphuric acid to remove carbonates, and then with 
manganese dioxide and concentrated sulphuric acid, as in 
Sec. 110, 10. If an evolution of carbon dioxide is produced, 
oxalate ion is present. 

3, The liquid in which calcium chloride has not produced a pre- 187. 
cipitate, or the filtrate from such ])rec.ipitate (in which latter 
case a liilJe more calcium chloride is added, Chap. 111., No. 80), 
is treated with about three times its volume of 80 per cent, 
alcohol, and the flask closed, and allowed to stand for some 
hours at as low a t(mq)erature as jjossible. 

{a) No precipitate is foroml. Citrate, malate, and succinate ions 
ar(' absent. The analysis is continued at (190). 

(b) A precipitate is formed. The liquid is filtered, and the 188. 
filtrate treated as in (190), whilst the precipitate is washed 
with dilute alcohol, and examined as follows ^ : — 

It IS distributed in water, a little hydrochloric acid added, 
tiie li(iiiid filtered if nece.ssary, and the filtrate rendered 
strongly alkaline with ammonia, and boiled for some time 
(under certain conditions up to half an hour), during which 
jirocess the reaction must remain alkaline. 

(a) The liquid remains clear. Citrate ion is absent. Any 
calcium malate or succinate present is precipitated as 
in (187) by the addition of three parts by volume of 
alcohol and allowing the mixture to stand in a closed 
flask, the precijjitate filtered off, washed with dilute* 
alcohol, and separated from the fflter, and a portion of 
it dried in a porcelain basin until all alcohol has been 
expelled (Chap. III., No. 81). The dry ?esiduc is dis- 
solved in nitric acid of sp. gr. r35 (about 2 c c.), and 
the solution evaporated to dryness on the water hath. 

This treatment with nitric acid is repeated twite fiiore, 
whereby malic acid is oxidised to oxalic acid, whilst 
succinic acid remains unchanged. 

^ If the amount of the precipitato is very small, it m?ty possibly consist of 
some residual tarUiric ncid ^\^lich has remained in solution after the treatment 
described m (1H5). Tl. should, tluaefore, be «li.ssolv('d in a little hydrochloric 
acid, and tho procc.sa given in (185) aiu^(187) reiicatcd. 
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The residue finally obtained from the evaporation 
with nitric acid is boiled for some time with a slight 
excess of sodium carbonate solution, the solution 
filtered and a portion of the filtrate acidified with 
acetic acid, and treated with a few dro])s of calcium 
chloride solution.^ 

{aa) No j)recipitate is formed, JMalate ion is a])sent. 
The remainder of the alkaline solution is neutralised 
exactly with hydrochloric acid, and tested for 
succinate ion by means of ferric chloride (Sec. 
138, 5). 

{hh) A 'precipitate (of calcium oxalate) is formed. The 
presence of malate ion is indicated. (Confirmation 
is obtained by converting the malic acid in the rest 
of the precipitate (a portion of which was heated 
with nitric acid, Sec. 137, 2, and ]). 520) into 
fumaric acid. For the detection of succinate ion, 
the remainder of the alkaline filtrate (a) is 
acidified with hydrochloric acid, the carbon 
dioxide ex[)ellcd, the liquid rendered slightly 
alkaline with ammonia, and the oxalate ion pre- 
cipitated from the hot solution by means of cal- 
cium chloride. The filtrate is treated with three 
times its volume of alcohol, and allowed to stand 
for some hours. 

(aa) No precipitate is formed. Succinate ion is 
absent. 

(fiP) A precipitate is formned. Succinate ion is 
present. As a confirmatory test, the ])re- 
cipitatc is filtered off, washed with dilute 
alcohol, suspended in water, ai.d treated with 
dilute sulphuric acid. The liquid is then 
shaken or subjected to continuous extraction 
with ether, the ethereal extract separated, 
and the solvent distilled. By this means 
succinic acid is separated in solid form, and 
may be identified by dissolving it in sodium 
hydroxide solution, and adding ferric chloride 
. • to the neutralised solution (Sec. 138, 5). 

' For other methods of soparating malic acid from succinic acid, see 
Sec. 140. 
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(j3) A heamj white 'precipitate is formed. Citrate ion is 189 . 
present. The liquid is filtered while boiling, and the 
filtrate tested for malatc and succinate ions as in the 
case of (a). In order to be quite certain that the 
pree,i[)itate consists of calcium citrate, it should be re- 
dissolved in a little hydrochloric acid, and the solution 
heated, again rendered alkaline with ammonia and 
boiled, which must cause the ])recij>itate to be formed 
again (cf. Sec. 136, 3). Stahre's reaction is applied 
(to the sulphuric acid solution) as a confirmatory test 
Sec. 136, 10). 

4. The filtrate from the precipitate obtained in (188, 3), or the solu- 190 . 
tion which yielded no precipitate on the addition of alcohol 
(187), is heated to expel the alcohol, neutralised exactly with 
hydrochloric acid, and treated with a little neutral ferric 
chloride solution. 

(r/) Neither a precipitate nor a coloration is produced. Salicylate 
and benzoate ions, and also any considerable amounts of 
acetate and formate ions, are absent. The analysis is 
continued at (191) and (192). 

\b) A flesh-coloured precipitate is formed. Benzoate ion is 
present. As a confirmatory test the j)recipitaie is washed, 
and treated with a small amount of hydrochloric acid 
(Sec. 141, 3). 

(o) A violet coloration is produced. Salieijlafe ion is present. 

Since the coloration, if pronounced, may Jiiask the presence 
of a preci})itate of conij)lex ferric benzoate, which may be 
])resent, the liquid is filtered, and the precipitate washed 
with water. If a flesh-coloured residue is left, the })resenc^ 
of Ijenzoate ion is indicated, and confirmatory tests should 
be ap})lied. 

(d) A mere or less pronounced red coloration is pwduced. This 
indicates the presence of acetate or formate ion in some 
considerable quantity.i The liquid is filtered, and any 
residue of complex ferric*, benzoate left on the filter if? treated 
as in (?;). The filtrate is heated to boiling-point, the result- 
ing precipitate treated with hydrochloric acid, drop by drop, 
until it just re-dissolves, and tlie solution diluted with 
several times its voluihe of water. SaMogjlate ion may be 
recognised by tRe violet colour of the liquid. 

^ Salicylate ion may also prodifco a red coloration (Sec. 142, 7). 
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191 . 5. For the detection of acetate ion either tlie original solid substance 

is used, or a ])ortion of the original acjiieous solution (which, if 
acid, nuist first bo rendered alkaline with sodium hydroxide) is 
evaporated to dryness for the ])urpose. A small quantity of this 
dry substance is treated with a little alcohol in a test-tube, an 
equal volume of concentrated sulphuric acid added, and the 
mixture heated to boiling point. If an odour of ethyl acetate, 
which can usually be recognised most readily when the tube is 
shaken while the liquid cools or after cooling, acetate ion is 
present (see, however, the paragraph in small type (192) infra). 

192 . 6 . Formate ion is detected by rendering a })ortion of the solution, 

prepared as in (185), just acid with hydrochloric acid, adding 
sodium acetate, and heating the liquid with mercuric chloride 
solution. A white turbidity, due to the se})aration of mercurous 
chloride, indicates the presence id formate ion (Sec. 113, G). 
Confirmatory tests are made with silver nitrate and mercurous 
nitrate (Sec. 143, 4 and 5). 

In the presence of chlorate and chromate ions, acetate and 
formate ions cannot be detected in the manner dcMcribod. 

If chlorate ion is present, it should be rcducf'd as in See. 131, 10, 
before apjdying the tests in (101) and (102). In the presence of 
chromate ion, the original solution is treated with a little Hulj)huric 
acid, shaken with an e.xeess of lead oxide, and liltcred, and the filtrate 
treated with sulphuric acid in moderate e.xcess, and distilled. The 
distillate is neutrali.scd with sodium hydroxide' and cvaiioraUid nearly 
to drj’ness, and the residue tested as in (101) and (102). It is also 
advisable, when organic acids of the first and second groups are present 
in any considerable quantity, to distil the liquid which has biioii treaU'd 
with sulphuric acid. 


Mixed Compounds. 

A. 2. Suhstaims inmluUe in water, hut soluble in hydrochloric and 
nitric acids and in arpia regia. 

Detection of Anions. 

General Survey. 

Essentially the method of detecting the anions of substances 
insoluble in water consi.8ts in decomposing the compounds in question 
with alkali carbo.iate, dissolving the resulting alkali salts in water, 
and testing the solution for anions as in Secs. 175 and 176. In the 
case of inorganic substances the decomposition is effected by fusion, 
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and in the case of organic substances by boiling them with alkali 
carbonate solution. 

In exceptional cases where this method presents difficulties 
special reactions arc used for the examination. 

Process in detail. 

I. In the absence of Organic Anions. 

8ec. 177. 

In th(i examination of these compounds all anions, with the 
cx(;('i)tion of chlorate ion, have to be taken into consideration. 

Cyanogen compounds and silicates are not examined by this 
process (cf. Sees. 180 and 181). 

1. (kaimtale. sulphide, arsenite, imd arsenate ions, and also chromate 193. 

ion, will already have been detected during the solution of tlie 
suhstunoe ajid the examination for cations. Nitrate ion will 
have been recognised in the ignition of the substance in a glass 
tul)C (8, ce). 

2. A port urn of the substance is mixed with four ])arts of j)ure 194. 

sodium and ))otassiuni <'.arbonates, and, if a suljdude is present, 
with a little sodium nitrate, and fused in a platinum crucible in 
the absence of reducible metal compounds, or in a jiorcelain 
crucibh' if such compounds are present. The cold fused mass is 
boiled with water (after sejiaration from the crucible as in 
Sec. 15, ]). Go, or in the crucible), the solution filtered, and the 
filtrate used for the detection of all the anions which may have 
been in combination with the metals, as described in Sec. 175, 
witli the exception of oxalic acid, which has been destroyed by 
the fusion {cf. Chap. HI., No. 82). 

If a suli)hide was present, a separate portion of the substance is 
tested for suli)liate ion, by heating it with bydroehloric acid, filtering 
the solution, diluting the filtrate with water, and treating it with 
barium ehloride. 

3. Sinc.e the phosphates of alkaline earth metals and of alummium 195 

are only incompletely decom[)OHed when fused with alkali 
carbonate, it is advisable, when alkaline earth metal ions or 
aluminium ion arc present, and jihosphate ion has not yet been 
detected (cf IGO), to dissolve a fresh porti(u> m nitric acid, and 
to test t he solution Ifor plmphate ion by means of ammonium 
molybdate solution (Sec. lOi, 10). If a silicate or arsenate is 
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present, a hydrochloric acid solution is made, silicic acid sepa- 
rated as in Sec. 115, 3, and arsenic by means of hydrogen sulphide, 
as in Sec. 90, 3, the liquid filtered, the filtrate treated with nitric 
acid and evaporated nearly to dryness, and the residue diluted 
with water containing nitric acid, and tested with ammonium 
molybdate solution. 

196 . 1- It is also best to test a sejiarate portion for fluorine ion as in 
Sec. Ill, 6 or 7, if alkaline earth ions have been detected in the 
examination for cations, and fluorine ion has not yet been found 
(c/ 160). 

5. A test for silicate ion should only be applied to substances which 

have been treated as in (194), when the fusion was effected in a 
platinum crucible. If a porcelain crucibh! was used, a separate 
test should be applied to the residue obtained by evaporating 
the hydrochloric or nitric acid solution of the original substance 
(Sec. *115, 3). 

6. For the detection of oxalate ion in the absence of organic anions 
. (Sec. 90) a separate portion of the original substance should be 

boiled with sodium carbonate solution {ef. 198). If organic 
anions are present, a test for oxalate ion should be made. The 
alkaline filtrate is acidified with acetic acid, and tested with (calcium 
sulphate solution. If a white, pulverulent })recipitate is 2 )ro- 
duced, the presence of oxalate ion is indicated. As a confirma- 
tory test a portion of the substance is treated as described in 
Sec. 110, 10, after destroying carbonates, if necessary', by 
treatment with sulphuric acid alone. 

n. In the absence of Organic Anions. 

f 

Sec. 178. 

197 . 1 . Tests for inorganic anions are made as described in Sec.. 177. 

2. For the detection of acetate ion the original substance is tested as 

in Sec. 144, 8, or the distillate obtained after the addition of 
sulphuric acid is treated with excess of sodium hydroxide and 
evaporated to dryness, and the residue tested. See also the note 
in small type (192). 

3. A small portion of the substance is mixed with a little dilute 

hydrochloric acid on a clock-glass. If there is an insoluble 
residue it shodd be tested for cinnamylate, benzoate, and 
salicylate ions as in Sec. 145. Any considerable quantity of the 
two last may thus be most easily detected, but very minute 
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quantities may dissolve completely, and it is, therefore, neces- 
sary also to take benzoate and salicylate ions into consideration 
in (198). 

4. A portion of the substance is boiled for a few minutes with 198 . 
sodium carbonate solution, to which, if it is not to be concen- 
trated, a little solid sodium carbonate is added, and the liquid 
diluted and filtered from the })rec,ipitate. The whole of the 
organic anions will now be present, together witli sodium ion, 
in solution. The filtrate is concentrated by evaporation, acidi- 
fied with hydrochloric acid, and filtered from any j)recipitatcd 
cinnamic, salicylic, or benzoic acid, for which the precipitate is 
tested as in (184). It is then moderately heated, and repeatedly 
shakeai to expel carbon dioxide, and treated in the same way as 
the solution ])repared by an anah'gous method in (185). tShould 
the ions of heavy metals or aluminium ion Jiavc dissolved (as 
complex cojupounds) through the action of organic acids, they 
must be removed })rior to applying the tests for organic acids 
by the method described at the beginning of Sec. 159. 

Mixed Comeounds. 

B. Subsfavccs imoluhle or di.s.'iohing with difficulty in under, hydro- 
chloric mul nitric acuh, and aqua reyia. 

Detection of Cations, Anions, and Elements. 

Sec. 179. 

In this stage of the examination the following substances have to 199 . 
be taken into consideration^ : — 

Barium, strordium, and calcium sulpladc,‘^ lead sulphate ^ and 
lead chloride.^ 

Silver chloride, bromide, iodide, and cyanide.^ 

Silicic acid and many silicates. 

^ Witli regard U) the ileteetion of eyaiuigeii eoniiKiunds insoluhle in water 
or ackls, see kSee. I HO. 

** (Jalciuui sulphate is partially dissolved, even by water, and is frequently 

completely di.s.solved by acids. , .j. 

® Load sulphate may be found (piantitativoly in the solution obtained with 
acids. 

^ I^nid chloride can only bo found here if the precipitate insoluble in acids 
has not been thoroughly washed with hot water. 

* kSilver bromide, iodide, and cyanide are decomposed by boiling with aqtia 
regia, and converted into silver chloride. Hence, they can /mly be found here 
when a 8ubstan(;e is jiresent ♦vhich is being directly examined as in Sec. 179, 
owing to its being insoluble in regia, or when there is an objection to the 
prejiaration of an lupLa regut solution (so# Chap. 111., No. 0). 
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Aluminium oxide of natural occurrence and when strongly 
ignited, and many aluminates. 

Ignited chromic oxide and chroinic iron ore (ferrochromite). 

Stannic oxide when ignited and of natural occurrence (tin stone). 

Some metaphosphates and arsenates. 

Calcium jiuoride and some other fluorides. 

Sulphur. 

Carbon. 

Of tliese substances only those printed in italics arc of frequent 
occurrence. The silicates play so iinj)ortant a part in mineral analysis 
that tliey arc dealt with separately (Secs. 181 to 184). 

General Surveij. 

Substances insoluble in acids are either combustible or volatile 
in tlic air, as e.fi. the elements carbon and sulphur, or they may be 
converted by fusion with sodium carbonate (and pt»tassium nitrate) 
into conipounds soluble in water or acids. A fused mass is thus 
obtained, from which on treatment with water the anions are dis- 
solved, together with alkali ions, whilst the cations are left in a 
condition in which they can be dissolved by acids. 

The cations and anions in these solutions may then be detected 
as described in the ])receding sections. Tfic fusion must be carried 
out in a platinum crucible, because, if a porcelain crucible is used, its 
glazing will be attacked, and may yield silicic acid and aluminium to 
the fused mass. 

Substances containing lead, silver, or sulpliur, however, must not 
be fused in a platinum crucible, or it will be attacked ; hence, tests 
for these substances should be made prior to the fusion, and, if 
' present, they must be removed. 

In the case of lead compounds, this is effected by extraction with 
hot sodium acetate solution, whilst silver salts are removed by 
treatment with hot potassium cyanide solution. 

Sulphur is eliminated by ignition. 

Since carbon is burned during the fusion, a separate portion of 
the shbkance should be tested for this element by heating it in the 

air. 

Process in detail. 

The preliminary tests given in (a) to (d), or (/), are applied to the 
substance which is insoluble or soluble with difficulty in water and 
acids, if the quantity of substance available permits. Should this 
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not be the case, only the test for carbon as in (202, c) is made, and 
the examination at once continued as in (205), but it will then be • 
necessary to take into consideration the possibility of all the sub- 
stances mentioned at the beginning of this section being present. 

(a) The physical condition of the substance is noted to determine 200 . 
whether it is uniform throughout, sandy or pulverulent, 
uniformly coloured, or composed of particles of different 
colours, etc. A microscope or even a lens is useful for this 
purpose. 

(h) A small portion of the substance is heated in a glass tube 201 . 
fused together at one end. A brown vapour and charac- 
teristic sublimate indicates the presence of sulphur. 

(c) If the substance is black, the presence of carbon (charcoal, 202 . 
coal, bone-black, lamp-black, graphite, etc.) is usually 
indicated. A small portion is heated on platinum foil. 

If the substance which causes the black colour burns, it 
was carbon. Graphite (easily recognisable by its marking 
capacity) is only burned completely when oxygen is used 
and at a strong ignition temperature. 

{d) If the substance is of a light colour, a little of it is mois- 208 . 
tencd with ammonium sulphide. If it remains white, lead 
or silver compounds are not present. The ex mination is 
continued at (207). But if it becomes black, or even only 
darker, it should be tested as in (c) and (/) (204). 

(e) A small portion is heated for some time with a fragment of 
potassium cyanide and a little water, the liquid filtered, and 
half of the filtrate acidified with nitric acid, and the other 
half treated with ammonium sulphide. If the former 
reagent produced a white precipitate, and the latter (assum- 
ing that the amount of potassium cyanide was not too large) 
a brownish-black precipitate, the presence of silver com- 
pounds in the substance is proved, 

(/) If any insoluble residue is left from (c), it is thoroughly 204 . 
washed with water, and, if white, is treated with a few 
drops of ammonium sulphide. If this turns it black, iead 
salts are present. If, however, the residue is already black, 
it should be heated with a concentrated, slightly acid 
solution of ammonium acetate, i the liquid filtered, and the 

1 This is prepared by treating ammonia solution, undiluted with water, 
with acetic acid until the liquid shows a faintly acid reaction (Chap. III., 

No. 83). 


43 
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filtrate tested for le&d ion i by means of sulphuric acid and 
, hydrogen sulphide. 

205. 1. (a) Lead sake are not present. The examination is continued at 
(206). 

(b) Lead salts are present. The substance is heated with a 
concentrated slightly acid solution of ammonium acetate i 
to about 70°, and the solution filtered, this treatment being 
repeated until all the lead salt has been extracted (Chap. HI., 
No. 83). A portion of this filtrate is tested for sulphate ion 
with barium chloride, second and third portions for lead ion 
by the addition of excess of sulphuric acid and of hydrogen 
sulphide respectively, and the remainder tested for 
chlorine ion by diluting it with 20 parts of water (Chap. HI. , 
No. 83, last paragraph), acidifying it with nitric acid, and 
adding a silver salt solution. Any residue left from the 
treatment with ammonium acetate is washed, and treated 
as in (206). 

205. 2. (a) Silver salts are not present. The analysis is continued at (207). 

(6) Silver salts are pre.sent. The substance, which was free from 
lead, or has been freed from lead by extraction with am- 
monium acetate solution, is repeatedly treated with potas- 
sium cyanide and water at a gentle heat (or in the, cold if 
sulphur is present), until all silver has dissolved and has 
been removed (Chap. III., No. 84). Any residue remaining 
is washed and treated as in (207), whilst the solution is 
acidified with nitric acid, after sufficient dilution, in the 
open air or in a fume cupboard (Chap. III., No. 84). The 
resulting precipitate is filtered off. When washed and fused 
with sodium carbonate in a hollow on charcoal before the 
blowpipe, it must yield metallic silver (8ec. 70, 13) . Whether 
the silver was originally in combination with a halogen, and 
if SQ, with which, is determined as described in (214). Finally, 
rhe liquid filtered from the silver precipitate is tested with 
barium chloride for sulphate ion.2 

207. 3. 4*e) Sulphur is not present. The examination is continued at 
(208). 


1 The presence of lead in silicates, e.g. in load glass, cannot be detected in 
this way. ^ , 

* The potassium carbonate frequently presept in potassium cyanide may 
have caused complete or partial decomposition of any sulphates of alkaline 
earth metals present. 
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{h) Sulphur is present. The substance, which is free from silver 
and lead, is heated in a covered porcelain crucible ^ until all . 
sulphur has been expelled, and the residue, if any, treated 
as in (208). 

4 . A somewhat large portion of the substance, which is free from 208 . 
lead, silver, and sulphur, is lieatcd with two parts of sodium 
carbonate, two parts of potassium carbonate, and one ])art ' 
of potassium nitrate 2 in a platinum crucible until the mixture 
is in a state of quiet fusion. The fused mass, which has been 
separated from the crucible (Sec. 15, p. 56) (or if necessary the 
crucible and its contents), is placed in a beaker, the mass digested, 
and then heated with water, and the liquid filtered from the 
residue which is usually left, and the latter washed until barium 
chloride ceases to produce a precipitate in the washings (Chap. 

III., No. 85). (Only the first washing water is allowed to run 
into the filtrate.) 

(a) The solution thus oUained contains the anions of the com- 209 . 
pounds present in the insoluble residue, and also, under 
certain conditions, those corresponding to the metals, the 
hydroxides or oxides of which dissolve as anions in alkali 
hydroxide solution. The following tests are applied to this 
solution : — 

(a) A portion is acidified wdth hydrochloric acid, and tested 
for sulphate, ion by means of barium chloride. 

()3) Another portion is acidified with nitric acid, and tested 
with ammonium molybdate solution for phosphate and 
arsenate ions (Secs. 107, 10 and 90, 9). If a yellow 
precipitate is obtained, any arsenate ion present is 
detected and separated by acidifying a further portion^ 
of the solution with sulphuric acid, evaporating it to a 
small residue on the water bath, and introducing 
hydrogen sulphide, whilst the filtrate from, any precipi- 
tate produced is again tested for phosphate ion. 

(y) A portion of the original solution is tested for fluorine 
ion (Sec. Ill, 7). 

Sulphur which has escaped detection in (201) will be detected by this 
means. 

^ The addition of potassium nitrate is also useful in the case of white powders, 
because it inhibits the injurious influence of any lead silicato present upon the 
platinum crucible. In the C3,se of black powders the amount of potassium 
nitrate should be proportionately increased to burn the carbon as completely 
as possible, but if chrome iron ore is prerjsnt it is best to omit potassium nitrate. 
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(8) If the solution is yellow, chromate ton is present. This 
is confirmed by acidifying another portion with acetic 
acid, and adding lead acetate, 

210 . Pie remainder of the solution is acidified with hydro- 

chloric acid and evaporated to dryness, and the 
residue treated with hydrochiorio acid and water. If 
a residue insoluble in boiling water is left, it is silicon 
dimide [cf.] however. Chap. III., No. 87). The 
hydrochloric acid solution is tested by the usual 
methods for cations which, owing to their oxides or 
hydroxides dissolving in alkali hydroxides in a state 
of fusion, may be found here, especially for tin and 
aluminium ions. 

211. (6) The residue usually obtained in (208) is heated with hydro- 

chloric acid (effervescence indicates the presence of car- 
bonates of alkaline earth metals) ; any insoluble residue 
should be treated as in (213), and the solution tested for 
cations as in Sec. 165 (ao a rule it is sufficient to ap})ly the 
tests in Sec. 171). 

If much sili(;on dioxide has been found in (210), it is 
advisable to evaporate the solution of the residue to dryness, 
and to treat the mass with hydrochloric acid and water, 
in order to remove the silicic acid left in the residue as 
completely as possilde. With regard to alkali metal ions 
which may be present in silicates, see (212). 

212. 5. If it has been found that the substance insoluble in acids contains 

a silicate, a separate portion thereof must be treated as in (228), 
to determine whether or not the silicate contains alkali metal 
# ions. 

213. 6. If a residue is left on treating the substance insoluble in water 

obtained in (208) with hydrochloric acid, as in (211), it may be 
either ^'parated silicon dioxide, an undecomposed portion of 
barium sulphate, or possibly stannic oxide which has remained 
undissolved ; it may also be calcium fluoride, or, if it is of a 
•‘ti^rk colour, chrome iron ore, since both these compounds de- 
compose only with difficulty when treated as described in (208). 
We may, therefore, recall the fact that stannic oxide may always 
be detected as in Sec. 88, 17 or 92, 4, and that calcium fluoride 
is readily dehomposed by sulphuric acid (Sec. Ill, 6). In the 
case of chrome iron ore, however, fhe decomposition may be 
easily effected by fusing the finely 'powdered substance with about 
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an equal quantity of sodium peroxide, or by heating it at a 
clear red heat for 1 J hours with about eight times its weight of a 
mixture of one part of potassium chlorate and three parts of 
soda lime. In either case the fused mass will contain the chromium 
in the form of alkali chromate, which can be extracted with 
water. 

If the residue contains stannic oxide, in addition to chrome iron 
ore, the former will be left after either of these operations, 
partly as an alkali stannatc in the aqueous extract of the fused 
mass, and partly as stannic chloride in the solution obtained by 
treating the insoluble residue from the aqueous extract with 
hydrochloric acid. 

7. If the residue insoluble in acids contains silver (20G, 6), tests have 214 . 
still to be made as to whether it was present in the original sub- 
stance as a compound insoluble in acids, or whether it was 
converted by the treatment into chloride, bromide, iodide, or 
cyanide (Chaj), III., No. 84). 

To obtain as comjdetc proof as jiossible, a jtortion of the 
original substance is com})letely (‘xtracted with boiling water 
and then with nitric acid, the residue washed with water, and 
a small portion thereof te.sted for silver ion as in (203). If silver 
ion is detected the anion with which it is in combination is 
detected by treating the remainder of the residue with finely 
granulated zme and water containing a little sulphuric acid, 
with frequent shaking, and filtering the liijuid after some hours. 

The solution thus obtained may be din^ctly tested for chlorine, 
bromine, iodine, and cyanogen ions as in Sec. 125. Or the zinc 
ion may first be precipitated with sodium carbonate, so as to 
have a solution containing the anions together with sodium ion^ 
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PRACTICAL METHODS FOR SPECIAL CASES. 

1. Special process for the examination of cyanides insoluble in 
water (especially of complex cyanides containing metals in 
the anion), and also of mixtures which contain such cyanides 
and are insoluble in water. 

Sec. 180. 

Since, in the treatment of cyanides (esj^ecially complex cyanides), 
insoluble in water, with acids, phenomena may be observed which 
entirely dilTer from those appearing with other substances, and 
which may easily lead to errors ; and since some of these complex 
cyanides are only com})letely decomposed and dissolved by acids 
with difficulty, the following j)roccss should be used, if the preliminary 
test (8, g(} and ii) and the behaviour towards acids (33, g) point to the 
presence of these substances. 

General Survey. 

The object of special treatment in this course is to detect complex 
cyanogen ions containing metals (such as ferrocyanide, etc.) if they 
^are present, and especially to prevent the metals contained in them 
from being found among those present as cations. 

To attain this object, the substance (if necessary freed from sub- 
stances soluble in water) should not be treated with acids, which 
destroy complex cyanides i with the evolution of hydrocyanic acid, 
but should be boiled with sodium hydroxide, and the cations remain- 
ing^'!: the residue thus, for the most part, separated from the anions. 
In the case of many salts, possibly present in admixture, this separa- 
tion succeeds better if the substance is boiled with sodium carbonate 
instead of with sodium hydroxide. The latter is, therefore, added to 
the former. * . 

^ The decomposition with acid is irequefltly quite incomplete. New 
substances, also sparingly soluble in acid, are formed, which would offer fur the r 
difficulties in the examination, as in Sec. 178. 
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The insoluble residue remaining after this treatment generally 
contains most of the cations of the original substance in the form of 
hydroxides and carbonates. It should, therefore, be tested in the 
ordinary way, beginning with (37). 

Since, however, many salts, such as phosphates and fluorides of 
the alkaline earth metals, are not decomposed with certainty and in 
any case not completely, even when boiled with sodium carbonate, a 
portion of this insoluble residue should, according to the result of the 
test for cations, if necessary be tested for anions as in Sec. 177. 
The solubility table (Appendix IV.) should be used in deciding whether, 
and to what extent, this is necessary. 

The alkaline solution can contain, in addition to the anions 
originally present, which correspond to the actual acids, the anions 
of such metals the oxygen compounds of which are electro-negative 
towards sodium, so that the oxides or hydroxides dissolve in sodium 
hydroxide solution ; that is to say, the members of Group VI Kstanding 
on the border line of metals) ; further, anions containing lead, zinc, 
aluminium, and also co})per and cobalt in small proportion, and (if . 
organic substances which cause the formation of complex ions are 
present) also com[)lex ions of other metals. 

These metals, originally present as cations, must (with the ex- 
ception of aluminium) be removed from the alkaline solution before 
testing for anions. This is done by the addition of sodium sulphide, 
which precipitates the metals of Groups IV. and V., and in the filtrate 
by the addition of sulphuric acid, or (if no sodium sulphide precipitate 
is obtained, that is to say, no sodium sulphide is present m the solu- 
tion) of sulphuric acid and hydrogen sulphide, by which means the 
members of Group IV. (possibly also mercury. Sec. 71, 4) are separated 
in the form of sulphides. '• 

Both sulphide precipitates are examined in the ordmary course, 
it being noted that the first contains the Groups V. and IV., and that 
these must therefore first be separated in the nitric aeid solution of 
the precipitate before the individual testa are made. 

After removing any members of Groups IV., V. and VI. which 
may be present, the alkaline solution is tested for anions abc^JPAing 
to Secs. 175 and 176. Since, however, in this course, the only complex 
cyanogen ions which need be taken into consideration are ferro- and 
ferricyanogen ions, the cobalticyauogen ion, and also the complex 
ions containing manganese and chromium would* he overlooked. A 
further portion of the altcaline solution is, therefore, decomposed by 
heating it with sulphuric acid,* and tested for the ions of the 
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above-mentioned metals, as also for that of aluminium (since this, too, 
may be present in the alkaline solution but not have been detected in 
the tests already described). Since, among the compounds of complex 
cyanides insoluble in water some may be present which contain 
alkalis, as e.g. zinc-potassium ferrocyanide, a separate portion should 
be tested for alkali metal ions after the complex cyanogen ion has been 
destroyed by heating it with concentrated sulphuric acid (171). 

This particular course is represented in the following table : — • 


There may possibly be present all salts insoluble in water, melutling those 
with complex cyanogen umn. (A) Boiled with NaOH and Na^t^Oj. 


llesldiio : Hy- 
droxides and 
carbonateH of 
cutlunH, saltH 
not decom- 
lK)»od by boil- 
ing with 
NujCos. The 
UHual ioHtB for 
cations ahd 
organic anions 
are made be- 
ginning at 


Filtrate : NajjFbOa ; Na^ZnOj (and analogous compounds of metals of 
(Jroups IV. and V.) ; Sodium salts of memljers of Group VI. ; XusAlOs 
(wMlium salts of complex salts coiitahdng orgaidc anions), Sodium salts 
of aidons present In the original substance, iucludmg complex metal 
cyanogen Ions, {a) t-^ta 2 S. 


Precipitate : PbS, ZiiS and other 
sulphides of mcinhcis of Groups 
IV. and V. It Is dissolved In 
HNOj: +Ha8(l). 


Precipitate : 
PbS and other 
metal sulphides 
of Group V. 
Seiiaratca as iu 
(125) to (133). 


Solution : 
Zn(M()a)2and 
other nitrates of 
Group IV. 

I (HN 4 ) 55 S. Pro- 
elpitate : Group 
IV. .separated as 
hi (141) to (141)). 



Filtrate : Sodium sulpho salts of 
Group VI. (nud of mercury). Sodium 
salts of the original anions ; -t-HgSO*. 


Precipitate : Sul- 
phides of Group 
VI. (and of Tig). 
Separated as in 
Sec. 107 (or If 
Ug Is to be 
taken into con- 
sideration, Sec. 
160). 


Filtrate : Na salts 
of the original 
anions. 

(a) Examined as in 
Secs. 175 and 170. 
O) Evaporated with 
H 2 SO 4 . Heated to 
e.xpel all HCN, 
residue dissolved In 
water; -|■(NH 4 )OH 
-i (NH 4 )g 8 . Pre- 
cipitate: FeS.CoS, 
MnS, Cr(OH) 3 , 
Al(OH)a. Separated 
as In Sec. 170. 


(5) + HCl h BaClj for sulphate ion. (2) 


(c) 4 11281 ) 4 -) FeS 04 for fcrilcyanogen Ion. (3) 

(d) -|-H2S04-f-reClj for ferrocyanogen Ion. 


(B) Heated with njS 04 . Ituslduo tested for alkalis (171). 

(C) A i>ortion of the oiigiiitd sub.stance Is tested with HUl for carbonate lun. (4) 


Notes to the table ; (1) Since as a rule load Ion Is tlie only member of Group V. present, 
the nitric acid solution of the sodium sulphide precipitate may be tested llrst for lead Ion ; 
If found It is soparrfled by evaporation with sulphuric acid, and the filtrate tested for other 
members of Group V.by means of hydrogen sulphide. If the result of the test with sul- 

f ilmrlc odd is negative, the solution may be tested directly for members of Group IV. For 
urtlier details vide. mjra. (2) If sodium sulphide or sulphuric acid have been added to the 
neutral solution, the latter cannot be used for the detection of sulphate ion, (3) If the 
BoIutlu||£on^ain 8 hydrogen sulphide it cannot bo tested for ferrioyanogen Ion, which would 
then be reduced to ferrocyanogen ion. Hence special teats ( 6 ), (c), and (d) must be applied 
to the hrst alkaline solution. (4) Obviously a test for carbonate ion must not be made upon 
a portion which has been treated with sodium carbonate. 


Process in detail. 

215 . 1 • The substance under examination is freed, if necessary, by treat- 
ment with boiling water from#‘4ll substances which are soluble 
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therein, and a portion of it is boiled with strong potassium or 
sodium hydroxide solution freshly prepared from solid alkali 
hydroxide ; when it has boiled for a few minutes sodium 
carbonate is added, the liquid boiled again for some time, the 
residue (if any) filtered off after dilution of the liquid with water, 
and then washed. 

(а) The residue, which is now free from cyanogen (it would only 216 . 
contain it if silver cyanide were present), is treated in the 
ordinary way, beginning at (37). 

(б) The solution wMch, if complex cyanogen ions were present 

(ferrocyanogen ion, cobalticyanogen ion, etc.), will contain 
them in addition to alkali metal ions, may also contain 
further anions which were separated from their bases when 
boiled with the sodium carbonate, and finally such metals 
in the form of anions, the oxides or hydroxides of which are 
soluble in alkali hydroxide solution. 

(a) A small portion is carefulltj treated with hydrogen 
sulphide water. ^ 

(aa) No 'precipilate or no jK’rmanent precipitate is formed. 

This indicates the absence of zinc and lead ions 
and of other metals of the fourth or fifth group 
(which may have })a8sed into the alkaline solution, 
possibly through the action of organic substances), 
with the exception of mercury ion, which can 
remain in solution, owing to the predominating 
strongly alkaline reaction, in addition to sulphide 
ion. The analysis is continued at (217). 

(66) A permanent precipitate is formed. Sodium sul- 
phide is added, drop by drop, to a fairly lar^ 
portion of the alkaline solution (216) so long as a 
precipitate is produced, but as far as possible a 
considerable excess should be a>?oided. After 
gentle heating, the precipitate is filtered off, the 
filtrate treated according to (217), whilst the 
washed precipitate is heated with dilufe*5?Jtric 
acid, and any residue examined as in (133) for 

1 The addition of hydrogen sulphide water, or the introduction of hydrogen 
sulphide, until the liquid smells of this reagent (that is to say, until all the 
hymoxyl ion has been consumed, and, ajmrt from hydrogen sulphide ion, only 
alkali ion is present in the solution) must, of course, be avoided ; otherwise any 
aluminium ion present, and as well, even sulphides of the sixth group, might 
be precipitated, which should not occui*. 
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mercuric sulphide and lead sulphate. The nitric 
acid solution is examined for Groups V. and IV., 
filter by treating it with hydrogen sulphide, 
filtering off any precipitate that may have been 
formed, and testing it for Group V. according to 
(125), and testing the filtrate as in Sec. 170, 
especially (142) to (149), for Group IV. ; or by 
first testing the original nitric acid solution accord- 
ing to (126) for lead ion, and, in the event of a 
positive result, separating this according to (132). 

The solution, /ree from lead ion, must now be 
tested with more hydrogen sulphide for further 
members of Group V., and, if necessary, these must 
be separated before they can be examined in 
accordance with Sec. 170. If, after separation of 
the lead ion a hydrogen sulphide precipitate is still 
formed, it should be filtered off, and washed, and 
then re-dissolved in nitric acid, and tested accord- 
ing to (127) to (131). 

217. (iS) A small portion of the alkaline liquid in which no 

precipitate was produced by hydrogen sulpliide water, 
or which was filtered off from that obtained by means 
of sodium sulphide, is treated with dilute sulphuric 
acid until the reaction is distinctly acid, and then with 
hydrogen sulphide, unless the liquid has a strong odour 
of that reagent. 

(aa) Afart from any separated siilphur, no precipitate is 
formed. This indicates the absence of members 
of the sixth group, as well as of any mercury ion 
contained in this solution. The analysis is con- 
tinued at (218). 

f&6) A precipitate is formed. A fairly large portion of 
the liquid mentioned in (217) is treated in the 
same way as the sample, the resulting precipitate 
filtered off and washed, and tested for mercury ion 
and the members of the sixth group as in Sec. 166 
or 167. The filtrate is then examined, accord- 
ing to (218). 

218. (y) The diquid, free or freed from metals which are pre- 

cipitated by sodium sulphide or hydrogen sulphide, 
should now be tested on the one hand for anions, ’ 
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especially cyanogen ion*and complex cyanogen ions, 
and on the other hand for any metals present in such 
complex cyanogen ions (iron, cobalt, manganese, 
chromium) as also for aluminium ion. The following 
process is used : — 

{aa) Portions of the liquid are used for testing for 
anions as in Secs. 175 and 17C. The acidified 
solution should not be boiled for the removal of 
carbon dioxide or hydrogen sulphide (because the 
complex cyanogen ions would be decomposed), 
but these gases should be removed by a rapid 
current of air. It is, in fact, advisable not to 
spend too much time on exact neutralisation, but 
to make the tests for the individual anions as 
rapidly as possible. If the liquid was already 
acidified with sulphuric acid, the tests for anions 
must be made immediately, as otherwise any ferro- 
or ferrihydrocyanic acid would be decomposed. 
To start with, the acidified solution is tested with 
f(‘rric chloride for ferrocyanogen ion and with 
ferrous 8ulj)hate for ferricyanogen lon.^ If the 
liquid contains hydrogen sulphide, the latter test 
IS, (d course, ojnitted, since ferric hydrogen cyanide 
is converted by hydrogen sulphide into ferrous 
hydrogen cyanide. Cobalticyanogen ion may be 
recjognised by the fact that it forms with nickel 
salts a greenish, and with manganese and zinc 
salts white precipitates, the cobalt contained dn 
which 'trmy be recognised on fusion with borax, -"i 
(hb) A further portion of the liquid mentioned in (218) 
is evaporated almost to dryness (if necessary after 
acidification with dilute 8ulj)huric»acid), a little 
pure concentrated sulphuric acid added, and the 
liquid heated in a fume cupboard until the greater 
portion of the free sulphuric acid has'oe^Wped. 
The residue is dissolved in water, and a little 
hydrochloric acid, and tested for iron, manganese, 
cobalt, chromium, and aluminium ions according 

» It should be noted here that ferricyanogen ion originally present may be 
converted into ferrocyanogtAi ion, not only by hydrogen sulphide, but also by 
other substances which have a reducing action, e.g. ferrous compounds ; 

’ Pe(CNr,4-Fe”=Fe(CNr',+Fe-. * 
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to Sec. 170 (141), The detection of the last is only 
tiust worthy, even in the case of a positive reaction, 
if the potassium or sodium hydroxide solution 
used in (215) was free from aluminate, that is to 
sav, freshly prepared. 

219. If metal sulphides had to be precipitated from 

it, and a test for sulphate ion and ferricyanogen ion 
in (218, art) was therefore impracticable, further 
portions of the liquid mentioned in (216) are tested 
for sulphate ion, after the addition of hydrochloric 
acid (any lead present having been precipitated 
by the introduction of carbon dioxide), by means 
of barium chloride, or, after the addition of nitric 
acid, by means of barium nitrate, and for ferri- 
cyanogen ion 1 by means of ferrous sulphate, with 
the subsequent addition of liydrochloricacid. If 
ferricyanogen ion is found here, a sample of the 
original alkaline solution (216) must also be tested 
for ferrooyanogen ion by means of fcnic chloride 
and the subsequent addition of hydrochloric acid, 
because that found in (218) may possibly have 
bc(m formed only on the reduction of the ferri- 
cyanogen ion. 

2. A further sample of thci original substane(; msoluble in water is 

decomposed by continuous heating with pure concentrated 
sulphuric acid, and the residue tested for alkali metal ions (172) 
after the separation of all other cations. 

3, A further })ortion of the original substance exhausted with water 

is treated with hydrochloric acid ; if a gas is evolved the test 
for carbon dioxide should be made according to Sec. 114, 4. 


n. Analysis ot Silicates. 

^ Sec. 181. 

220. Whether a substance under examination is a silicate or contains 
a silicate is often determined by the origin of the substance in ques- 
tion, but may also often be inferred from the preliminary test with 
alkali phosphate (20), or from the behaviour of the substance towards 
acids (33) and (38). 


CJ. Notes I and 2 on p. 680 
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The examination of the silicates differs essentially from the ordi- 
nary course only in the preparatory treatment to which it is subjected 
in order to separate the silicate ion from the cations and to obtain the 
latter in solution. All the silicates are divided into two classes, 
which fact must be sharply emphasised here, because it necessitates 
a different course of procedure. To the first class belong the silicates 
which are easily decomposed by acids (hydrochloric, nitric, and 
sulphuric acids), to the second those which are not decomposed, or 
only with difficulty, by acids. Many minerals are composed of the 
two kinds of silicates. 

In order to determine the class to which a certain silicate belongs, 
it is very finely powdered, and a portion of it treated with hydro- 
chloric acid at a temperature near boiling-point. If the silicate is 
not decomposed by the acid, an attempt should be made to decompose 
a second portion by heating it for some time with a mixture of three 
parts of pure concentrated sulphuric acid and one part of water. If 
this also leaves the silicate undecomposcd.it belongs to the second divi- 
sion. Whether or not decomposition was effected by the acids may be 
gathered from tiie appearance, since a coloured solution is almost 
always produced, and from the fact that a deposit of gelatinous, lioccu- 
lent, or fine pulverulent silicic acid takes the place of the original heavy 
powder, which usually crackles when stirred with a glass rod. To 
determine whether the decomposition was <‘omplcte, or if it only 
affected part of the minerals, the precipitated silicon dioxide is 
boiled with a solution of sodium carbonate after washing. If it 
dissolves completely, the decomposition is complete, otherwise it 
is only partially complete. These jueliminary tests afford a means 
of deciding whether the silicate should be treated according to Secs. 
182, 183, or 184. 

Before applying further tests a portion of the silicate should be 
examined, to ascertain whether water is present, by heating it in a 
quite dry glass tube. If the substance contains hygroscopic moisture, 
it must first be dried continuously at KX)'^. The portion being tested, 
which is heated gently at first, is finally ignited vigorously by means 
of a gas burner provided with a chimney, and thus may be ae.viaijted 
with a preliminary test for fluorine ion (Sec. Ill, 9). 
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A. Silicates f)EC0MP0SED by Acids. 

Sec. 182. 

(a) By hydrochloric or nitric acid^ 

221. 1 . The silicate, finely ground in an agate mortar, is stirred with a 
little water until it forms a uniform paste, a moderate excess of 
concentrated hydrochloric (or nitric) acid added, and the mixture 
heated at a temperature near boiling-point (most conveniently 
on the water bath) until completely decomposed. A small 
portion of the liquid is filtered, 2 the remainder, together with the 
silicon dioxide distributed in it, evaporated to dryness, the 
residue heated with continuous stirring at a temperature of or 
only slightly exceeding 100°, until hydrochloric or nitric acid 
vapours cease or almost cease to escape, allowed to cool, and 
then moistened with hydrochloric or nitric acid, after which a 
little water is added, and the whole heated for some time. 

By this means silicon dioxide is separated, whilst the cations 
are dissolved as chlorides or nitrates. The solution is filtered, the 
residue well washed, and the solution examined in the ordinary 
way for cations beginning with Sec. 164, II., p. 609, or III. The 
residual silicon dioxide can never be considered j)ure without 
being examined. It often contains some titanium dioxide, 
occasionally a little barium sulphate, possibly strontium sul- 
phate, and not infrequently a little aluminium hydroxide. It 
is best tested by repeated heating in a platinum dish with 
hydrofluoric acid and sulphuric acid until all the silicon dioxide has 
been removed as silicon fluoride. Finally, the residue is ignited, 
fused with potassium hydrogen sulphate, and the fused mass 
treated with cold water. If an insoluble residue remains, it is 
filtered off, and tested according to Sec. 179 for barium sulphate 
(and strontium sulphate). The dilute aqueous solution is then 
tested for titanic acid ® by means of continuous boiling, or with 

^ Nitric acid is preferable to hydrochloric acid, if silver or lead compounds 
are present. 

arsenious or arsenite ion present would volatilise if evaporated with 
hyci rooiilorio acid. 

• When the silicon dioxide has been separated by evaporation on the water 
bath, only part of the titanium dioxide will be found in it, the other part (often 
the greater) is dissolved in the hydrochloric acid solution and precipitated from 
it, together with the aluminium and ferric ions, by the addition of ammonia 
solution. To separi^ this portion, the dried precipitate is fused with potassium 
hydrogen sulphate, the fused mass dissolved in ool^ water (tested with hydrogen 
peroxide), filtered, if necessary, and considerably diluted ; hydrogen sulphide 
is then introduced until all the ferric iont’s reconverted into ferrous ion, and the 
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hydrogen peroxide (Sec. 52, 2 a«d 9), and the liquid (which 
either remained clear or was filtered) tested for aluminium ion 
by means of ammonia, fif there is the possibility that silver 
chloride separated with the silicon dioxide, a portion should be 
treated with ammonia solution and filtered, and the filtrate 
treated with an excess of nitric acid.) 

2. Since other anions often occur in silicates, especially those which 
are decomposed by hydrochloric acid, the following points should 
be noted, and the tests applied, in order that they may not be 
overlooked : — 

(a) Carbonates and often sulphides may be recognised when 222. 
treated with hydrochloric acid ; otherwise a test for them 
should be made according to Sec. 124, 8 or 9. 

(j3) If the separated silicon dioxide is black, becoming white 
when ignited in the air, carbon or organic substanceji are 
indicated. If the latter are present, the silicates diffuse 
an emiiyreumatic odour when heated in a glass tube. 

(y) The portion of the hydrochloric acid solution filtered off 
before evaporation is tested for sulphate, phosphate, 
arsenite and arsenate ions ; for the first by means of barium 
chloride after dilution with water, for the arsenic ions by 
the introduction of hydrogen sulphide, first in the cold and 
then at (Sec. 92, 13), and for phosphate ion by means 
of molybdate solution, after the hydrochloric acid solution 
has been evaporated almost to dryness on the water bath, 
with the addition of nitric acid, the residue heated with 
nitric acid and the solution filtered. If arsenic ions were 
present, the liquid filtered from the arsenic sulphide can be 
used in testing for phosphate ion. 

(5) Borate ion is best detected by fusing a portion of the substance 228. 
with sodium-potassium carbonate in a platinum spoon or 
crucible, boiling the mass with water, and testing the solu- 
tion (acidified with hydrochloric acid) with turmeric paper, 
according to Sec. 109, 5. 

(c) Chlorides may be extracted from many silicates singilji; by 
boiling with water, and detected in the filtrate by means 

liquid boiled for an hour (without filtering off the sulphur), a continuous current 
of carbon dioxide being meanwhile passed through it. The precipitate is filtered 
off, washed, and ignited, whereby the separated sulphur bqms away and titanium 
dioxide remains. If it still contains iron, it should be redissolved by fusion 
with potassium hydrogen sulphate and treatment of the fused mass with cold 
water, and precipitated by boiling with sodium thiosulphate. 
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of silver nitrate soliftion ; the most certain method, how- 
ever, is to prepare a solution of the mineral in dilute nitric 
acid, and to test this with silver nitrate solution. 

({) Fluorides, which frequently occur in silicates, sometimes in 
small, sometimes in fairly large quantities, are detected by 
the methods given in Sec. Ill, 7. 

224. 3. If the silicates contain iron, as is generally the case, they must be 

examined to determine whether it is present in the divalent or 
trivalent condition, or in both stages of valency. For this 
purpose a portion of the finely ground substance is heated (as 
far as possible with the exclusion of air i) with moderately 
concentrated hydrochloric acid, and the liquid diluted, filtered 
and tested with potassium ferricyanide and with potassium 
thiocyanate (Sec. 61, 10, and 62, 10). 

{h) Silicates decomposed hy concentrated sulphuric acid hut not by 
hydrochloric acid. 

225. The very fine powder is heated with a mi.xturc of three parts of 
pure concentrated sulphuric acid and one part of water (preferably 
in a platinum dish), the greater portion of the sulphuric acid finally 
evaporated, the residue heated with hydrochloric acid, diluted and 
filtered, and the solution dealt with according to Sec. 165 ; the residue, 
which, apart from the separated silicon dioxide, may contain sulphates 
of the alkaline earth metals, is then dealt with as described in 
Sec. 182, 1, for a residue insoluble in acids. If such silicates are to 
bo tested for anions, a separate portion should be treated according 
to Sec. 183. 


B. Silicates not Decomposed by Acids.2 
Sec. 183. 

226. Since these’ silicates are most easily decomposed by fusion with 
sodium potassium carbonate, no test for alkali metals can, of course, 

^That is to say, in a boiling llask, through which a current of carbon dioxide 
is pa^u, or by mixing a little sodium carbonate or sodium hydrogen carbonate 
with the powder, and treating it with a sufficient excess of hydrochloric acid in 
a boiling flask. 

* This refers to those silicates which are not decomposed when heated with 
hydrochloric acid and sulphuric acid in open vessels (see Sec. 181). If they are 
heated, however, in f h? finely powdered condition at 200'^-210° with a mixture 
of three parts of pure concentrated sulphuric acid a^nd one part of water, or with 
hydrochloric acid in a glass tube closed by fusion, most of them arc decomposed, 
and can thus bo analysed by this methoil-lAI. Mitscherlich). 
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be made in portions of the substanca thus treated. The whole 
examination may, therefore, be divided into two main divisions, the 
first consisting of the detection of silicate ion and all cations, with 
the exception of alkali metals, and the second of that of alkali metal 
ions only. A few further tests are necessary to determine the 
presence or absence of any other anions. 

1 . Detection of silicate ion and of all cations with the exception of the 
ions of the alkali nictak. ^ 

The very fine powder is mixed with four parts of sodium potassium 227 . 
carbonate, and the mixture fused in a platinum crucible over a gas 
lamp until the mass is in a quiet state of fusion. The fused mass is 
removed from the crucible, if possible, in the manner described in 
Sec. 58, p. 223. If this is successful, the mass is ground up and a 
portion reserved for the test for anions (230). The portion which is 
to be tested for cations, or the whole crucible with the fused mass, 
is covered with water in a porcelain dish, heated for some time until 
the fused mass breaks up (if a portion of the fused mass has not 
previously been removed, part of the aqueous solution, together 
with portions of the mass, is decanted for the purpose of testing for 
anions), hydrochloric acid added (if necessary also to the residue), 
and the whole heated until the mass, with the exce])tion of the silicic 
acid, which separates in flakes, is dissolved. If necessary, the crucible 
is taken out of the dish, the contents evaporated to dryness, and the 
residue treated exactly as in the case of that obtained in (221). 

2 . Detection of alkali metal ions. 

For this purpose the silicate must be decomposed with the aj^228. 
of a substance free from alkali. Hydrofluoric acid is the most 
suitable, but the same result may be obtained by heating the 
substance with ammonium chloride and calcium carbonate. 

(a) Decomposition by aqueous hydrofluoric acid.* The finely 
powdered substance is stirred with water in a platinum dish until it 
forms a thin paste, hydrochloric acid and aqueous hydrofluqirjjj jyjid 
added, and the mixture heated on the water bath while being sfirred 
from time to time with platinum wire (carefully and in the open, in 
order to avoid breathing or coming into contact with the vapour) 
until the silicate is dissolved. Dilute sulphuric §oid is then added, 
and the whole evaporated, finaUy over a naked flame, until the 
hydrochloric acid, silicohydrofluoric acid, and hydrofluoric acid have 
• 44 
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completely escaped, and only a small portion of the sulphuric acid 
remains. When cool, the mixture is diluted with water, heated to 
boiling point, barium chloride added in slight excess, and then milk 
of lime, until the reaction is alkaline. After again being boiled the 
liquid is filtered, treated with ammonium carbonate and a little 
ammonia, so long as a precipitate is formed, filtered after an hour, 
and tested for potassium and sodium as described in the case of the 
corresponding filtrate in (170) ; it should be tested for lithium, 
cajsium, and rubidion ions as in Sec. 32, p. 132. 

229 . (&) Decomposition with calcium carbonate and anmonium chloride. 

One part of the finely ground powder is mixed with one part of 
ammonium chloride and eight parts of calcium carbonate, the mixture 
heated, at first moderately, then more strongly, in a platinum 
crucible, the residue from the ignition treated with hot water, the 
liquid filtered, the filtrate treated with ammonium carbonate 
and ammonia solution, and the examination continued as in (a) 
(J. L. Smith, Zeitsch. anal. Chem., 11, 85). 

3. Detection oj fluorine, chlorine, boraie, phosphate, arsenite, arsenate', 
and sulphate ions. 

280 . The portion of the fused mass reserved in (227) or its aqueous 
solution is used, the former being boiled with water and, in either 
case, the solution, which contains all the anions in solution (in- 
cluding at all events part of the phosphate ion) filtered, and the 
filtrate tested as follows : — 

(a) A small portion is acidified with nitric acid, and tested for 
chlorine ion by means of silver nitrate. 

(b) A second portion is tested for borate ion according to Sec. 
109, 5. 

(c) A third portion is treated as in Sec. Ill, 8, for the detection 
of fluorine ion. 

{d) The remainder is acidified with hydrochloric acid, a small 
portion tested for sulphate ion by means of barium chloride, and the 
resjfjjbest^d, first in the cold and then at 70° for arsenic ions, by means 
of hydrogen sulphide (Sec. 92, 13). If no precipitate is produced, 
the liquid is immediately evaporated almost to dryness ; otherwise 
after filtration, with the addition of nitric acid, the residue treated 
with nitric acid and water, and the solution tested for phosphate 
ion by means of a solution of ammonium molybdate in nitric acid 
(Sec. 107, 10). 
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C. Silicates partly Decomposed by Acids. 

Sec. 184 . 

The greater number of minerals occurring in nature consist of 281. 
mixtures of several silicates, one of which is often decomposable by 
acids, the other not. If these had to be treated iu the same way as 
those completely insoluble, all the elements would be found which 
are contained in the mineral, but no further information as to the 
actual composition of the mineral would be obtained. 

It is, therefore, advisable to examine separatel}? those portions 
of the mixture which show a different behaviour towards acids. 

For this purpose, the very finely powdered mineral is treated with 
moderately concentrated hydrochloric acid for some time at a gentle 
heat, part of the solution filtered, the greater part of the remainder 
evaporated to dryness with the residue, the mass heated at a tempera- 
ture of, or only slightly exceeding, 1()0°, with continual stirring, until 
little, if any, hydrochloric acid vapours escape, the cooled residue 
moistened with hydrochloric acid, heated with water, and the liquid 
filtered. 

This solution, which contains the cations of those constituents 
decomposable by hydrochloric acid, is examined according to (221), 
the first filtrate according to (222, y), portions of the original substance 
according to (222, a and jS), and (223) forother acids, and also according 
to (224) for the degree of valency in which any iron found is present. 

The residue, which contains the undecomposable portions of the 
mixture, in addition to the silicon dioxide separated from the decom- 
posed silicate, is boiled with excess of a solution of sodium carbonate, 
filtered while hot, and the precipitate washed first with a hot solutioii* 
ol sodium carbonate, and then thoroughly with boiling water. The 
still undecomposed constituents, which have thus been freed from 
the separated silicon dioxide, are next treated as in Sec. 183. The 
alkaline liquid, however, is acidified with hydrochloric acid, evapo- 
rated to dryness, the residue treated with hydrochloric acid and 
water, the silicon dioxide filtered off, the filtrate rendered allrdi«e 
with ammonia and heated. If a precipitate is formed, this, as also 
the separated silicon dioxide, should be tested for titanium dioxide 
as in (221). If there is no reason for separately precipitating the 
silicon dioxide of the portion decomposed by a^da, the tedious 
treatment with sodium carbonate may, be dispensed with, and the 
residue containing the former be directly decomposed by fusion. 
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III. Analysis op Natural Waters. 

Sec. 185 . 

282 . The examination of natural waters by analytical methods is 
simpler, because the substances and compounds which are generally 
to be found in them are known. Although, strictly speaking, the true 
nature of a water is indicated only by means of quantitative analysis, 
in that the main differences between waters lie in the different 
proportions of their individual constituents, yet qualitative analysis 
may frequently be of great value, especially when it is noted whether 
a reagent causes a faint or a strong turbidity, or produces a slight or a 
. voluminous precipitate, since by this means an approximate estima- 
tion of the quantitative proportions of the constituents becomes 
possible. We coniine ourselves in the following directions to the 
actual qualitative chemical analysis, and refrain from giving any 
})articulars regarding bacteriological examinations or quantitative 
tests. With regard to the latter, reference may be made to K. 
Fresenius’ Anlciiumg zur quarUitatnen chemischen Analyse, where 
more information is given concerning the importance of qualitative 
reactions in combination with quantitative tests. 

In the following sections the examination of ordinary water 
(spring, well, brook, river water, etc.) is distinguished from that of 
mineral waters (among which sea- water may be included), because 
the analytical examination of the former is very much simpler than 
that of mineral water, since far fewer substances have to be taken 
into consideration. 


A. Examination of Ordinary Water (Spring, Well, Brook, 
River Water, etc.). 


28 ^ 


Sec. 186 . 

Experience lias shown that the following are the substances which 
have to be taken into consideration in the examination of ordinary 
water : — 

’ 'Cations : Calcium, magnesium, sodium, potassium, am- 
monium, ferrous ion, manganous ion (possibly derived from the 
supply pipes : lead ion, eopper ion, zinc ion). 

(5) Anions : Sulphate, carbonate, chlorine, silicate, nitrate, 
nitrite, phosphatp, and sulphide ions. 

(c) Organic substances. 

(d) Suspended 8ub.stances, clay, etc.. 
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This does not mean that no other lubstancfes can be present in 
fresh water ; many such are, indeed, to be found, as may be inferred 
from the origin of springs and proved by analytical examination. ^ 
They are present, however, in such small quantities that, if Utres 
and not hundreds of litres are being dealt with, they will probably 
not be detected at all. The method for their detection is, therefore, 
omitted here, and in regard to them, as also to the oxygen and 
nitrogen always present in fresh water, reference should be made to 
the respective chapters in R. Fresenius’ AnUiiung zur quantitativen 
chemischen Analyse. 


I. The water under examination U clear. ^ 

1 . One litre of water collected in a clean vessel (or two litres of 284 * 
water poor in dissolved substances) is acidified with hydrochloric 
acid, a large excess being avoided. It may occasionally be 
noticed here that bubbles of carbon dioxide escape, which 
originate from hydrogen carbonate ion or carbonate ion present 
in the water. The acidified water is evaporated to dryness 
in a porcelain dish, the remaining residue again moistened 
with hydrochloric acid, and heated with (xintinuous stirring at 
a temperature not, or only slightly, exceeding 1(X)°, preferably 
on the water bath, until scarcely any odour of hydrochloric 
acid is noticeable. It is allowed to cool, moistened with strong 
hydrochloric acid, subsequently treated with a little water, 
and the whole heated and filtered through a small filter. The 
insoluble portion must be well washed, since, under certain 
conditions, it may contain much calcium sulphate, which dis- 
solves with great difficulty. It is advi.sable to moisten it again 
on the filter paper with hydrochloric acid of sp. gr. ri2, fWtd 
then to wash it with more boiling water. If silicon dioxide 

1 Cliatin {J. d. Pharm. et Chim., '3rd Ser., 27, 418) found iodine in all fresh- 
water plants, but could not trace it in land plants ; consoquchtly the water m 
rivers, brooks, ponds, etc., must contain traces of iodine ion, even though 
extremely minute. According to Marchand {Comjd. rend., 31, 495), all natural 
waters contain iodine, bromine, and lithium ions. Van Ankum found iodino 
ion in nearly all drinking waters in Holland. It might bo said withtlho'Rame 
certainty that all or most natural waters contain the ions of strontium, barium, 
fluorine, etc. 

* Samples of clear water often become turbid if kept for some time, because 
ferrous ion and manganous ion separal^) as ferric hydroxide and manganese 
dioxide hydrate, owing to the oxidising action of atirjospherio oxygen, and 
further, because calcium ewbonate may separate in crystalline form, owing to 
the decomyxisition of hydrogen carbonate ion. Samples of water should, 
therefore, be examined as soon as po^iblo after being collected. 
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now remains on the After paper (confirmatory test : fumes of 
hydrofluoric acid), the water contains silicic acid. 

285. The filtrate is added to the first washings (the later washings 
being thrown away). The liquid (about 150 o.c.) is now used 
for the following tests : — 

(a) About 10 c.c. are shaken in a test-tube (rinsed with hydro- 
chloric acid free from iron) with a few drops of a 3 per cent, 
hydrogen peroxide solution and tested for ferric ion by 
means of potassium thiocyanate.^ It should be noted 
that a positive result of the reaction only leads to the con- 
clusion that iron ions are present in the water, but does not 
determine their degree of valency. As a rule, it may be 
assumed that in water which does not show an acid re- 
action towards methyl orange, iron can only be present 
from the beginning as ferrous ion. 

(j8) About 20 c.c. are tested for sulphate ion by means of barium 
chloride. 

(y) About 50 c.c. are evaporated with nitric acid until a few 
c.c. remain, and tested with molybdate solution for phosphate 
ion (Sec. 107, 10). It is best to allow the water to stand 
with the reagent for 24 hours at the ordinary temperature. 
(8) The remainder is treated with ammonium chloride, rendered 
alkaline with ammonia solution, and filtered from any 
precipitate produced. The filtrate is treated with am- 
monium oxalate, and allowed to stand for some time in a 
warm place. A precipitate indicates calcium oxalate. 
This is filtered off, and the liquid tested as follows : — 

(aa) A small portion of the filtrate is tested for 'truKjnesium 
ion by means of ammonia solution and sodium 
ammonium hydrogen phosphate.- 
{bh) The remainder of the filtrate is evaporated to dryness 
and ignited, any magnesium ion present separated 
according to (170), and tests applied according to (171) 
for pr^assium and sodium ions. 

test for ferric ion is to be decisive, it is necessary to be certain that 
the wa'cer has not been contaminated during evaporation by impurities such 
aa dust, etc. , which may contain iron. It is best to evaporate a separate portion 
of the water in a retort or a flask with the addition of a few drops of pure hydro- 
chloric acid and one drop of nitric acid, until only a small residue is left, and to 
test this, as soon as cool, with potassium thiocyanate. 

• Very small quantities of magnesium ion are detected with certainty if, 
before the test, the ammonium s^ts are volatilised, the residue dissolved in 
dilute hydrochloric acid; the solution treated with ammonia solution, and 
sodium ammonium hydrogen phosphate redded. 
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2. A fresh sample of water (about 50 c.b.) is treated with nitric acid, 1 

and silver nitrate added. A white precipitate or turbidity 
indicates chlorine ion. 

3. In testing for nitrate ion, one of the reactions mentioned in Sec. 

130, 7 to 12, may be used. The most suitable reaction is that 
described in 10, applied by carefully mixing the solution of 
diphenylamine in concentrated sulphuric acid with a little 
(about 3 ^ volume) of distilled water, and pouring on to it the 
water, previously treated with a few drops of sodium chloride 
solution. In the presence of nitrate ion a deej) blue ring is^ 
formed. In the presence of nitrite ion (see 4) the above- 
mentioned reactions (except under certain conditions, Sec. 130, 
11) are not decisive by themselves as to the presence of nitrate 
ion, since nitrites give the same reactions. In this case the zinc 
iodide starch reaction described in 4 is applied firstly at once, 
and then after the reduction of the water (acidified with sul- 
phuric acid) by means of zinc (Sec. 130, 14). If, in the latter 
case a stronger blue coloration appears than in the former, the 
presence of nitrate ion is proved {cf. also Zeitbch. aval. Chcm., 
49, 380). 

4. Fresh samples of water are tested for nitrite ion according to Sec. 

126, either by means of the sulphanilic acid-a-naphthylamine 
reagent or with zinc iodide starch solution. In the latter case, 
a samide of the water (about 50 c.c.) is treated with about one c.c. 
of dilute sulphuric acid and about one c.c. of potassium iodide 
or zinc iodide starch solution {cf. p. 480). If a blue coloration 
appears at once or after a short time, a comparatively large 
quantity of nitrate ion is present ; if the coloration only appears 
after long standing, the amount of nitrite ion present is snj^l. 
Access of daylight, and especially of direct sunlight, should be 
avoided, as this may cause a blue coloration to appear even 
when no nitrite ion is present. For the sake of ^certainty, it is 
always well to make a blank test with the same reagents and a 
sample of water quite free from nitrite ion. To increase the 
sensitiveness of the reaction, or when substances are^proient 
which influence a direct test in the manner described (for 
instance, in the case of drinking water hydrated manganese 
dioxide may have such an effect, since under certain conditions 
when rinsed from deposits in the supply pipes it may be con- 
tained in the wat^ in a fine state of division), a fairly large 
portion of the water (acidified with a little acetic acid) is 
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distilled and the first fractions of the distillate submitted to the 
test described (cf. Sec. 126, 2). The test for nitrite ion should 
always be applied to quite fresh samples of water. Samples 
which have been kept for some time may sometimes show a 
positive reaction, even when nitrite ion was not an original con- 
stituent of tlie water ; in such cases it may have been produced 
subsequently by the action of bacteria on the nitrate ion. 

237. 5. In testing for amnioninm ion a fresli sample of water (about 30() c.c.) 

is treated in a glass cylinder, in a j)lace free from ammonia 
vapours, with two c.c. of a saturated aqueous solution of sodium 
carbonate and one c.c. of a solution of sodium hydroxide (one 
part sodium hydroxide and two parts distilled water), the 
cylinder closed with a glass stopper, shaken, and allowed to 
stand. One hundrcal c.c. of the clear liquid is decanted or 
filtered (through a washed filter) into another cylinder, and 
one c.c. of Nessler’s reagent added (Sec. 30, 10). If a yellow 
coloration, or, on the addition of one more c.c. of Nessler’s 
reagent, perhaps even a reddish-brown turbidity appears, the 
presence of more or less ammonium ion in the water is thereby 
indicated. (See also Sec. 30, 10, 11, and 12, p. 128 et seq,) 

238. C. Another sample of the freshly collected water is liberally treated 

with lime water. If a precipitate is formed which, after it has 
subsided in a closed flask and the supernatant liquid has been 
decanted, effervesces on treatment with hydrochloric acid, free 
carbon dioxide or hydrogen carbonate ion, or both, are present. 
If free carbon dioxide is present, no permanent precipitate is 
obtained when a fairly largo quantity of the water is treated 
with only a little lime water (because in this case soluble calcium 
r carbonate is formed). 

The behaviour of the water towards methyl orange and 
plienolphthalein also affords a means of determining whether 
hydrogen, carbonate ion or free carbon dioxide is present. 
Samples of the water are treated with small quantities of the 
above-mentioned indicators. If the water shows an alkaline 
rre;.3tion towards methyl orange and an acid reaction towards 
phenolphthalein, it contains free carbon dioxide, together with 
hydrogen carbonate ion ; if it shows an alkaline reaction towards 
both indicators, it contains carbonate ion or hydrogen carbonate 
ion, but no free carbon dioxide ; if it shows an acid reaction to- 
wards both indicators, it cannot containf hydrogen carbonate ion, 
but must contain a free acid which is stronger than carbonic acid. 
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7 . In testing water for manganous ion, about 100 c.c. are treated with 239 . 

nitric acid and a slight excess of silver nitrate, and also with 
five c.c. of 6 per cent, ammonium persulphate solution, and, 
without the silver chloride being filtered off, heated for a quarter 
of an hour until it gently })oils. Tn the jiresence of manganous 
ion, a red coloration of permanganate ion is produced, and also, 
when large quantities of manganous ion are pre.sent, a per- 
manent deposit of hydrated manganese dioxide, which is stable 
even when boiled (Sec. 58, 7). 

8. In order that any lead, zinc, or copper ion present may not be 

overlooked (these may be present owing to the use of zinc, lead, 
or copper supply pipes), one to two litres of the water are acidi- 
fied with h 3 'droclil<)ric acid, protected from impurities,! and 
concentrated to about 1(X) c.c., preferably in a retort with a 
tubulure, the open delivery tube of which is inclined upwards 
at an angle ; the liquid is filtered, if necessary, and treated witli 
hydrogen sulphide. Since some of the lead ion present may also 
be found in any precipitate which has been filtered off, the latter 
should be heated with a solution of ammonium acetate, the 
liquid filtered, and the filtrate tested for lead ion by means of 
hydrogen sulphide. 

If, on treating the first solution with hydrogen sulphide, a 
black precipitate is obtained, it should be examined according 
to Sec. 168 for lead and copper ions. 

The liquid filtered from such black precipitate, or in which 
no such precipitate was formed, is boiled until all the hydrogen 
sulphide is expelled, boiled again after the addition of a little 
nitric acid, treated when cool with an excess of ammonia, 
filtered from any precipitate (ferric hydroxide, etc.) wlkih 
may have formed, and the filtrate treated with ammonium 
sulphide. If a white precipitate is formed, it indicates the 
presence of zinc ion. • 

9. In testing for organic substances, it is sufficient in the qualitative 240. 

examination of water if, as a rule, 200 c.c. are evaporated to 
dryness, and the residue heated at a gradually increAf^g •tem- 
perature. Organic substances may then be detected by the 
brown or black coloration. If the liquid was not too strongly 
heated, carbon dioxide, which.still has an empyreumatic odour, 
is as a rule evolved when the residue, whlbh generally contains 

1 Such impurities may be'^caused by the use «5£ brass burners or copper 

water baths. • 
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carbonates, is treated with dilute hydrochloric acid. To obtain 
decisive results from this test, the evaporation and heating must 
be carried out in a glass flask or a retort.^ 

10. Substances tvhich emit an odour (putrifying organic substances) 
are best detected when a flask is two-thirds filled with water, 
closed with the hand, shaken, and the odour noted ; if the odour 
is that of hydrogen stdphide, a test should be made according to 
(246). The presence of other organic substances which have 
an odour may be recognised by adding a little copper sulphate 
to the water before noting the odour. 

241 . 11, About 500 c.c. are evaporated until a quite small residue is left 
and the reaction of the liquid tested. If it is alkaline and a drop 
of the concentrated, clear, filtered solution effervesces when 
mixed on a clock-glass with a drop of acid, and if, on the cautious 
addition of calcium chloride to the alkaline solution, calcium 
carbonate is precipitated, the water is “ alkaline (in the 
narrower sense of the term), i.e. the concentration equivalent 
of the hydrogen carbonate or carbonate ion is greater than that 
of the alkaline earth ions. 


II. The water under examination is turbid. 

242, 1 . A large glass flask is filled with the water, stoppered, and allowed 
to stand in the dark and in the cold until the water becomes 
clear ; and the clear water is drawn off by means of a syphon 
and tested as in I., 1, 2, G, 7, and 9. 

2. In testing for ammonium ion (I., 5), nitrate ion (I., 3), nitrite ion 
^ I., 4), organic substances with an odour (I., 10), and lead, zinc, 

and copper ions (I., 8), fresh samples of the turbid water are 
used, and in tests for nitrite ion the distillation method or the 
use of sulphanylic acid-a-naphthylamine reagent is generally 
most suitable for the purpose. 

3. If the substances which render the water turbid are to be detected, 
‘ ♦thf deposit which subsides during clarification of the water in 

the flask (II. , 1 ) is filtered off, and the precipitate remaining on the 
filter examined. As this may consist of the finest sediment of 
various minerals, it is first treated with dilute hydrochloric acid ; 
. the portion ii^soluble in tlie acid is, however, examined as 

^ With regard to a mwe exact t^st for organic substances, see R. Fresenius, 
AnUitung zur quantitativen Analyse, « 
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described in the case of silicates *i(Sec8. 181 ei seq.).'^ It should 
be noted that in the case of not quite fresh samples of water, 
ferrous, manganous, and phosphate ions may already have 
separated in a flocculent form. They will not be detected by 
the method described in IL, 1, but should be looked for in the 
hydrochloric acid extract of the de{)osit. 

B. Examination of Mineral Waters. 

Se(\ 187. 

In the examination of mineral waters the number of constituents 248 
which have to be talcen into consideration is considerably increased, 
and the following are those to which the test should, as a rule, be 
extended : — 

The ions of ccesium, rubidium, thallium, lithium, barium, strontium, 
aluminium, as also borate, titanate, bromine, iodine, ^ndjluorinc ions, 
hydrogen sulphide {thiosulphate ion, fornuile ion, propionate ion, etc,, * 
nitrogen, oxygen, methane).- Further, the oozc-like ferruginous 
deposit or solid incrustations separated from springs, and also the 
residue from the evaporation of large quantities of water, should be 
examined for arsenite and arsenate ions, as well as for the ions of 
antinwny, copper, lead, zinc, cobalt, nichd, find other heavy metals, 
sufficient care being taken in testing whether these are actually 
derived from the water and not from metal pipes. taj)8, etc.^ The 
greatest care should also be taken in te.sting the reagents which are 
to be used in such delicate examinations. 

1. Examination of the Water. 

(a) Operations at the spriwj. 

Sec. 188. 

1. The water is filtered at the spring (if it is not already absolutely 244. 
clear) through washed filter paper (p. 38) into large flasks 
closed with glass stoppers. The precipitate remaining on the 

* S, a* 

^ With regard to the more exact examination, hoc R. Fresonius, Avleitung 
zur qmntitatiwn chemischen Analyse. 

• With regard to the constituents given in brackets, reference should be 
made to the corresponding chapters in R. Fresenius, Ankitung zur quantiUUiven 
chemischen Analyse, since detection and quantitative determination are usually 
combined. 

’ In this respect, as in f%ot in regard to the whole analysis of mineral waters, 
see the numerous analyses of mineral waters published by the Fresenius’ Chemioal 
Laboratory. * 
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filter, and which, apart from flocculent matter suspended in the 
water, may possibly contain constituents which separate at 
once on contact with air (ferric hydroxide, ferric phosphate, 
ferric silicate, ferric arsenate), is examined for these substances 
as described below in Sec. 190. 

245.2. The water need scarcely be tested for free carbon dioxide, as its 

presence may be seen with the naked eye. If actual reactions 
are required, however, the water may first be tested with 
solutions of methyl orange and phenolphthalein, cf. (238), and 
then with lime water; the latter produces a turbidity which should 
disappear on the addition of an excess of the mineral water. 

246.3. A test for free hydrogen sulphide and hydrogen sulphide ion i is 

then made by noting the odour. For this purpose a flask is 
half-filled with mineral water, closed with the hand, shaken, 
and the odour noted. In this way distinct traces are often found 
which can hardly be detected by reagents. If visible reactions 
are required, an alkaline lead solution or, if a voluminous white 
precipitate is thereby formed, an aqueous solution of cupric 
chloride, is introduced drop by drop into the large white flask 
filled with the mineral water, the flask placed on a white surface 
and, when viewed from above, note taken whether the water 
assumes a brownish coloration or gives a blackish precipitate. 
Another sensitive te.st, which depends on the formation of 
methylene blue, is as follows : The water under examination 
is treated with volume of fuming hydrochloric acid, a few 
crystals of para-ami nodimethylaniline sulphate added, and, as 
soon as this has dis.solved, one to two drops of a dilute ferric 
chloride solution introduced. In the presence of hydrogen 
sulphide the liquid (which would otherwise be light red) becomes 
pure blue after some time (H. Caro, E. Fischer) (see Sec. 124, 6). 

If the presence of hydrogen sulphide in an alkaline mineral 
water carvnot be detected immistakably by its odour, the fol- 
lowing test should be applied : A large flask, half filled with the 
water, is closed by means of a cork, to the middle of which a 
*^t^;ip*of paper soaked in lead acetate solution and then moistened 
with ammonium carbonate solution is attached, and note taken 
whether this turns brown in the course of several hours. The 
flask should be shaken slightly from time to time. 

^ A qualitative analytical separation of the two constituents is not possible ; 
it can Only be calculated on the basis/)! the equilibrium between the free hydrogen 
sulphide, hydrogen sulplfide ion, free carbon dioxide, and hydrogen carbonate 
ion. Cf. 5V. Auerbach, Zeitsch. phyeikdl. Chem., 49 , 27, (904). 
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4. A fairly large tsample of the mineral® water is treated with a little 247 * 

tannic acid, and another portion with a little gallic acid. If a 
reddish-violet coloration appears in the former case, and a 
bluish-violet in the latter , ion is present. The colorations 
only appear after some time, and, owing to the action of air, 
darken from the top of the liquid downwards. The water should 
be tested for ferric ion, which is occasionally present, by means 
of potassium thiocyanate, after the addition of hydrochloric acid. 

5. Tests for nitrite ion and organic substances which haie an odour are 248 # 

made according to (236) and (240). If the water contains 
hydrogen sulphide, this should be removed, before testing for 
nitrite ion, by the addition of a little freshly precipitated and 
washed lead carbonate, and the liquid filtered. 

(b) Operations in the labaralory. 

8ec. 189. 

Since, in qualitative examinations, it is desirable to form an 
estimate of the i)roportions in which the individual constituents are 
present in the water, a small j)ortioii of the samjde is used to detect 
the main ingredients, and as far as practicable to determine their 
proportions, and consequently the character of the water ; a larger 
portion is used for the detection of the ingredients in small quantity, 
and finally a considerable volume (or the incrustations) used for the 
detection of exceedingly small quantities. 

If the water under examination docs not flow clear from the 
spring, it must be filtered immediately it is collected, since the 
suspended substances do not have to be taken into consideration in 
the analysis of water. If such a filtered sample becomes turbid 
again before the examination can be commenced, these later depots 
should not be removed. They should, as far as possible, be distri- 
buted, by shaking, throughout the water before the separate portions 
are measured off for the different tests. In such case it is still 
better to use the whole contents of the flask. 

1. Method of detecting the Constituents present in Ltrgd*^ 
Quantity. 

(o) One to 1'5 litres of mineral water are acidified with hydrochloric 249 . 
acid, evaporated, and tested m in (234) an^ (235) for silicic add, 
sulphate ion, calcium ion, magnesium ion* potassium ion, and 
sodium ion. * 
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(6) Other portions of the wat^ are tested as in (236) for chlorine and 
nilraie ions. In this particular instance any subsequent tur- 
bidities should be filtered off. Further, the water should be 
tested for its alkalinity in the restricted sense as in (241). 

(c) The tests for ammonium ion and organic substances are made by 
means of the methods described in Sec. 186. If, for any par- 
ticular reason, the water is not suitable for a direct test for 
ammonium ion according to (237), it should be distilled with the 
addition of a little freshly boiled potassium or sodium hydroxide 
solution, and the distillate tested. It may be again pointed out 
here that the ammonium reaction does not take place with 
Nessler’s reagent if the liquid contains free carbon dioxide, 
hydrogen carbonates, or sulphides of the alkali metals {cf. p. 129). 

2. Method o! detecting the Non-volatile Constituents present in 
Small Quantity. 

260* portion of the water (at least 10 litres) is evaporated to dryness 
in a platinum, silver, or porcelain dish in a i)lacc as free as possible 
from dust and under the cleanest conditions. If the water is not 
“ alkaline ” in the restricted sense (241), pure potassium carbonate 
is added until it is slightly in excess. The evaporation may at first 
be carried out over a free gas flame, but finally a sand bath should 
be used. The dry mass is very gently ignited. If it is in a platinum 
or silver dish, the ignition can be completed in them. If, on the other 
hand, it is in a porcelain dish, the contents should be transferred 
into a platinum or silver dish, and then gently ignited. If the mass 
becomes black on ignition, this is an indication that organic substances 
were present in the water. i 

line residue thus obtained is evenly mixed and divided into three 
parts, a, h and c, c consisting of half, and a and 6 each of a quarter 
of the quantity. 

261. (®) Fest for phosphate ion. The portion a is heated with a little 
water, pure hydrochloric acid added in sufficient excess, the 
whole evaporated to dryness on the water bath, the residue 
agafl? heated with acid, and, after slight dilution, the liquid 
filtered through a filter paper washed with hydrochloric acid 
and water ; the solution is evaporated (finally with the repeated 

^ This conclusion is correct if the water was effectively protected from 
dust during evaporation ; if this was not the case, an^ it is desired to determine 
the presence of organic subsfanees witK certainty, a separate portion of the water 
should be evaporated in a retort. „ 
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addition of nitric acid) to a smalj residue, and then tested for 
phosphate ion by means of a nitric acid solution of ammonium 
molybdate (Sec. 107, 10). 

(6) Test for fluorine ion. The portion b is heated with water, calcium 252L 
chloride added so long as a precipitate is formed, the liquid 
allowed to stand, and the precipitate, which consists mainly of 
calcium carbonate and magnesium carbonate, filtered off. 
When washed and dried it is ignited, treated in a small dish 
with water, acetic acid added in slight excess, the whole evapo- 
rated to dryness on the water bath, heated until all odour of 
acetic acid has disappeared, and, after the addition ot water, 
again heated ; the solution of the alkaline ea.th metals is filtered, 
and the residue washed, dried, or ignited and tested for fluorine 
ion as in Sec. Ill, 7. 

(c) Tests for the reiminimj conslUuenls present in small quanliiy. The 258. 
portion c is repeatedly boiled with water, the liquid filtered, and 
the insoluble portion washed with boiling water. There will 
remain a residue (a) and a solution (^). 

(a) The residue consists mainly of calcium and magnesium 
carbonates, silicon dioxide, and (in iron springs) ferric 
hydroxide. It may also contain small quantities of barium, 
strontium, and manganous carbonates, aluminium hydroxide, 
and titanium dioxide, and must therefore be tested for 
these. It is treated with water in a platinum or porcelain 
dish, hydrochloric acid added until it is slightly in excess, 
then four to five drops of dilute sulphuric acid, the mixture 
evaporated to dryness on the water bath, and the residue 
moistened by the addition of only a slight excess of hydro- 
chloric acid ; water is then added, the whole gently hea^d, 
filtered, and the residue washed. 

(aa) Examination of the residue insolubk in hydrochloric 
acid. This residue will consist mainly of silicon 
dioxide, but it may also contain sulphate^ of the alkaline 
earth metals, titanium dioxide, and carbon. It is 
repeatedly heated in a platinum dish with hydrofluoric 
acid, or ammonium fluoride, with the additSh a 
little sulphuric acid, until all the silicon dioxide has 
volatilised. It is finally evaporated to dryness, any 
residue fused with a little potassium hydrogen sulphate, 
the fused mass treated with colcf water, the liquid 
filtered, and the solutfbn tested for titanic acid by 
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means of hydrogen peroxide, or by continued boiling 
(Sec. 54, 9 and 2). If an insoluble residue remained 
on treating the fused mass with water, it should be 
washed, and the filter paper incinerated. If a spectro- 
scope is available, the ash should be attached to a 
loop oi platinum wire, exposed for a short time to ‘the 
reduction flame, moistened with hydrochloric acid, 
and tested spectroscopically for barium ion ; strontium 
ion will not be found here, or only in small traces. If 
a spectroscope is not available, the ash should be put 
aside for a while. 

(bh) Examination of the hydrochloric acid solution. The 
solution is treated with a little ammonium chloride in 
a boiling flask, then with sufficient ammonia solution 
(free from carbonate) to render the liquid just alkaline, 
and finally with freshly prepared ammonium sulphide 
containing no free ammonia. The flask, filled to the 
neck, is corked and allowed to stand in a warm place 
for 24 hours. If a precipitate is formed, it should be 
filtered olf, dissolved in hydrochloric acid, the solution 
boiled, treated with an excess of potassium hydroxide 
solution free from aluminate, again boiled, filtered, 
and half of the filtrate tested for aluminium ion i by 
the addition of ammonium chloride, whilst the second 
half is tested for zinc ion by the addition of a little 
hydrogen sulphide water. A portion of the residue 
is fused with sodium carbonate for the purpose of 
testing for mangano%is ion, the remainder then tested 
for ferric ion by dissolving it in hydrochloric acid, 
boiling the solution with a little nitric acid, and 
treating the cooled and diluted liquid with potassium 
thiocyanate or potassium ferrocyanide. 

• If the examination of the precipitate obtained by 
means of ammonium sulphide is to extend only to zinc ion 
and manganous ion, it is preferable, in the presence of 
much ferric ion, to oxidise the solution of the precipitate 
in hydrochloric acid by boiling it with nitric acid, to 
precipitate the ferric ion as a basic salt according to 
^ In testing for aluminium ion, tLe conclusion that it was present in the 
water is only justified' JJ'hen the evaporation of the water, etc., was carried out 
in a dish made of platinum or silver^ but not of porrelain, and when it has been 
proved that it was not derived from the reagents used. 
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Sec. 63, 3, b, to treat th^ filtrate with sodium acetate, 
to acidify it with acetic acid, and to precipitate any 
zinc ion by means of hydrogen sulphide ; the filtrate 
is then tested for manganous ion by means of bromine 
and ammonia {cf. Sec. 63, 4, y). 

The liquid filtered from the ammonium sulphide 
precipitate may still contain traces of manganous ion 
and barium ion ; all or nearly all the strontium ion 
will also be found in it. This liquid is first acidified 
with hydrochloric acid, then concentrated by evapora- 
tion, the separated sulphur filtered off, bromine water 
added until a deep yellow coloration appears, then a 
slight excess of ammonia added, and the whole boiled 
for some time. If a slight brown precii)itate separates, 
it will be due to trac^es of manganous ion, which have 
not been ()rccipitated by the ammonium sulphide. If 
necMissary, the liquid is filtered, the filtrate treated 
with ammonium carbonate and ammonia, filtered after 
standing for some time, and the precipitate washed, 
dried, and tested by Kngelbach’s method described on 
p. 158, The liquid obtained by boiling the ignited 
precipitate is evaporated to dryness with hydrochloric 
acid, and the residue spectroscopically examined for 
strojitium ion and any traces of barium ion present. 

If a spectroscope is not available, the liquid obtained 
by boiling the ignited precipitate with water is evapo- 
rated to dryness, after the addition of a little hydro- 
chloric acid, the residue dissolved in water, and the 
solution added to that obtained by fusing the residml 
ash reserved in (254) with a little sodium carbonate, 
treating the fused mass with water, washing and dis- 
solving the residue in hydrochloric acid, evaporating 
the solution to dryness, and dissolving the residue in 
water. The combined solutions are then tested for 
barium and strontium ions according to (163). 

(j8) The alkaline solution contains the alkali ions and generally 256 * 
some magnesium ion and traces of calcium ion. It should 
now be tested for jiitrate,^ borate, iodine, bromine, and lithium 

' The nitrate ion may have been destroyed during the gentle ignition of 
the residue (2/50) if this contained organic substancos. If there is a possibility 
of this being the case, and n^ nitrate ion wa^ detected fn (249), a larger portion 
of the non-ignited residue should be tested as in (267). 


45 
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ions. It is concentrated by evaporation, cooled, the dish 
inclined so that the small residue of alkali solution still 
present separates from the crystallised saline mass, one 
drop of the concentrated solution placed on a clock-glass 
by means of a glass rod, the liquid rendered just acid with 
hydrochloric acid, and tested with turmeric paper for 
horate ion (Sec. 109, 5). The whole contents of the dish are 
now evaporated, with continuous stirring, to a dry powder, 
which is divided into two parts, aa and hh. Of these aa 
should consist of two-thirds, and hh of one-third. 

(aa) The larger portion is tested for nitrate, iodine, and 
hromine ion. The powder is finely ground, boiled 
three times in a flask, heated in a water bath, with pure 
80 per cent, (by weight) alcohol, and the solution 
filtered each time. The alcoholic extract is treated 
with a few drops of potassium hydroxide solution, the 
alcohol distilled to a small residue, and allowed to cool. 
Any small crystals which separate may consist of 
potassium nitrate ; the liquid is decanted from them, 
the crystals washed with a little alcohol, and dissolved 
in a very little water, and the solution tested for 
nitrate ion by means of diphenylamine, brucine, or 
indigo (Sec. 130). The alcoholic solution is now com- 
pletely evaporated to dryness. If nitrate ion has not 
yet been found, a small portion of the residue is dis- 
solved in a quite small quantity of water, and this 
solution used for the test. The larger portion of the 
residue (or the whole of it) is treated three times with 
warm alcohol, the extracts filtered, the filtrate evapo- 
rated to dryness, with the addition of one drop of 
potassium hydroxide solution, and the residue ignited, 
8^d dissolved in a very little water. The solution is 
slightly acidified with sulphuric acid, and a little pure 
carbon bisulphide added ; finally, for the detection of 
iodine ion, a small drop of a solution of nitrous acid in 
sulphuric acid, or a very small quantity of potassium 
nitrite solution is added. After the mixture has been 
shaken, and note taken whether the carbon bisulphide 
givea a violet or a reddish coloration, which indicates 
the presence of jodine, the liquid is tested for hromine 
ton by the cautious ^jaddition of chlorine water to the 
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same liquid, according t& the method described in 
Sec. 125, 7. 

(bb) The smaller 'portion is tested for lithium ion. For this 258 . 
purpose the residue, which must contain any lithium 
present in the form of carbonate or phosphate, is heated 
with water, hydrochloric acid added until the reac|jion 
is distinctly acid, and the liquid evaporated nearly to 
dryness and mixed with pure 80 per cent, (by weight) 
alcohol ; in this process the greater portion of the 
sodium and potassium compounds separate, whilst 
the whole of the lithium ion passes into the alcoholic 
solution. The solution is filtered, the alcohol evapo- 
rated, and the residue spectroscopically examined for 
lithium (Sec. 32, III., 7). 

If a spectroscope is not available, the residue just 
mentioned is dissolved in water with the addition of a 
drop of hydrochloric acid, a little ferric chloride added, 
and sufficient milk of lime to give a strongly alkaline 
reaction ; the solution is boiled and filtered, the filtrate 
treated with ammonium carbonate and filtered, and the 
liquid, now free from phosphate ion and the ions of the 
alkaline earth metals, evaporated to dryness, the residue 
gently ignited until ammonium salts have escaped, 
and then, after the addition of a drop of hydrochloric 
acid, treated with a mixture of absolute alcohol and 
anhydrous ether. The solution is filtered, concentrated 
by evaporation, and finally the alcohol ignited. If it 
burns with a carmine red flame, lithium ion is present. 

As a confirmatory test, the substance is converted in4r 
lithium phosphate. Before concluding that the residue 
(left on eva{)orating the liquid with sodium phosphate 
and a little sodium hydroxide, and treating the residue 
with water and ammonia) is lithium phosphate, tests 
should be made to prove whether it also shows the 
characteristic properties of that compound (Sq^j. 

III., 4). 

8. Detection of ConstittientB present in exceedingly Small Qnantity. 

About 100 to 150 litres of water aje evaporated by degrees in a 259 . 

porcelain dish, or in a large absqjutely clean iron basin, until the 
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salts soluble in water begin to separate. If the mineral water is not 
alkaline in the restricted sense (241), sufficient alkali carbonate is 
first added to render the reaction towards phenolphthalein distinctly 
alkaline. After evaporation, the solution is filtered, the precipitate 
washed, without adding the last washings to the first filtrate, and the 
examination continued as follows : — 

(a) The precipitate is examined in the manner described in Sec. 190 

for incrustations. 

(b) The solution is treated with hydrochloric acid until the reaction 
• is acid, heated, any arsenito or arsenate ion j)resent jjrecipitated 

by means of hydrogen sulphide (262), any sulphate ion present 
just precipitated with barium chloride ; the solution is then 
filtered, the filtrate evaporated to dryness, the residue digested 
with 80 per cent, (by weight) alcohol, and the solution tested for 
ciBsium ion and rubidium ion as in Sec. 132, last paragraph. 
The residue insoluble in alcohol is dissolved in water, and 
the hot concentrated solution treated with a very slight excess 
of ammonia. If a precipitate is formed, it should be filtered off. 
The hot solution, filtered if not still clear, which contains but 
little free ammonia, is treated with potassium iodide ; if a 
precipitate is formed at once or after some time, it is filtered off, 
and spectroscopically examined for thallium ion (Sec. 65, 14). 

2. Examination op Incrustations. 

Sec. 190. 

260< ^ quantity (about 50 to 200 grms.) of the ferruginous deposit 

or incrustation (from which impurities have been picked, sifted, 

‘ or elutriated, and adsorbed soluble salts have been washed) is 
digested with water and hydrochloric acid at a quite moderate 
heat (effervescence indicates carbonate ion) until all soluble 
matter hd^s dissolved ; it is then diluted, allowed to cool, filtered, 
and the residue washed. 

(a) Examination of the filtrate. 

(a) A portion of the filtrate is well diluted, the greater portion 
of the free acid neutralised with ammonia, and the still abso- 
lutely clear liquid treated with barium chloride, and allowed 
to stand for 12 hours iu a warm place. A white precipitate 
mdicated" sulphate iron. 

261. iP) larger portion of the filtrate’is heated at 70°, hydrogen 

sulphide introduced continuously into the liquid, even while 
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it is cooling, and the &sk allowed to stand in a fairly warm 
place until only a faint odour of hydrogen sulphide remains ; 
the liquid is then poured through a filter and set aside for 
testing as in (264). If the precipitate contains a fairly 
considerable quantity of sulphur, as is the case if the 
solution contained much ferric ion, it is thoroughly washed 
by decantation, the washings being passed through the 
filter, and triturated with water while still moist. The 
dough-like mass is washed into a boiling flask, ])etroleum 
spirit added, the mixture well and continuously shaken, 
the liquid transferred as far as possible into a second flask, 
and the still undissolved residue again shaken with petro- 
leum spirit and water, until the sulphur is completely, or 
almost completely, removed. If an insoluble residue is left, 
which may indicate the presence of 8ulj)hides, the whole of 
the liquids should be passed through a moistened filter, on 
to which the precipitate is also transferred, the water then 
allowed to drain off, the petroleum spirit decanted from the 
metal sulphides adhering to the filter, and the moist filter 
paper spread out in a small porcelain dish, and treated 
according to (262). 

If the precipUaic produced hy hydrogen sulphide contains 
hut little sulphur, treatment with j)etroleum spirit is un- 
necessary. The filter paper containing the well-washed 
precipitate is laid in the porcelain dish as it is. 

The contents of the filter are heated with a little sodium 262* 
sulphide solution, diluted, filtered, and the residue washed 
with water containing a little sodium sulphide. The 
solution thus obtained is rendered distinctly acid wMi 
hydrochloric acid, and shaken vigorously with petroleum 
spirit. If an insoluble residue is left, it is filtered off on a 
moistened filter paper, the aqueous solution allowed to 
drain off, the petroleum spirit decanted, the precipitate 
adhering to the filter paper washed, the filter paper spread 
out first on absorbent paper and then in a porcelat* dis^^ 
and tests made for the members of the sixth group, 
especially for arsenic and uniinmny ions, according to 
Sec. 92, 2 or by one of the other methods given in Sec. 92. 

If a residue remained after treating ^he hydrogen sul- 268. 
phide precipitate ^vith sodium^ sulphide; it is separated from 
the filter by means of a ^et; after washing, and boiled with 
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a small quantity oi dilute nitric acid. If a residue is left, 
it is filtered off, washed, and the contents of the filter 
repeatedly treated with a hot solution of ammonium 
acetate, in order that any lead sulphate present may not 
be overlooked. This filtrate is then tested for lead ion by 
means of hydrogen sulphide, whilst the contents of the filter, 
if there were any, are tested for barium and strorUium ions 
as on p. 158. The nitric acid solution is treated with pure 
sulphuric acid, evaporated to dryness on the water bath, 
and tested as in (126) for lead ion, cupric ion, and any other 
metal ions of the fifth group possibly present. 

A portion of the filtrate from the hydrogen sulphide 
precipitate is evaporated almost to dryness on the water 
bath, with the addition of excess of nitric acid, the residue 
treated with nitric acid and water, the liquid filtered, and 
the filtrate tested for pJiosphate ion by means of ammonium 
molybdate solution. 

The remainder of the filtrate from the hydrogen sulphide 
precipitate is heated with nitric acid until the ferrous ion, 
which is nearly always present, and often in considerable 
quantity, has been converted into ferric ion, and the ex- 
amination continued as in {aa) or (56), according to whether 
the solution contains little or much ferric ion. 

{aa) The solution contains hut little ferric ion. The solution 
is treated with ammonia in slight excess, filtered, the 
precipitate washed, dissolved in hydrochloric acid, the 
solution boiled, allowed to cool, again treated with a 
small excess of ammonia, and once more filtered. 

(aa) The 'precipitate is dried, powdered, ignited con- 
tinuously and sufficiently strongly in a current of 
hydrogen in a little boat introduced into a glass 
tube, until the ferric oxide present is converted 
into metallic iron ; it is then allowed to cool 
completely in the current of hydrogen, and the 
residue treated with dilute nitric acid until the 
iron present is dissolved. If a residue is still 
left, it is washed and then fused with potassium 
hydrogen sulphate, the fused mass treated with 
<cold water, the silicon dioxide (which invariably 
repiains) fiiltered off, and a small portion of the 
filtrate tested vith hydrogen peroxide for titanic 
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acid. If aci(> is present the remainder is 
boUed continuously to separate the titanium 
dioxide (Sec. 52, 2). The solution filtered from 
the silicon dioxide or from the metatitanio acid 
is tested for aluminium ion by heating it with a 
moderate excess of ammonia. If the resulting 
precipitate is not white but brownish-red, that 
is to say, still contains ferric hydroxide, it should 
be filtered off and washed, and then dissolved in 
hydrochloric acid, the solution heated with an 
excess of potassium hydroxide solution free from 
alurninate, filtered after dilution, and the filtrate 
tested for aluminium ion by heating it with am- 
monium chloride, or by acidifying it with hydro- 
chloric acid, and adding ammonia. 

(/?/?) The solution is acidified with acetic acid, treated 
with ammonium acetate, and then heated with 
gaseous hydrogen sulphide. If a pure white 
precipitate is formed, which does not dissolve when 
shaken with petroleum spirit, the presence of 
zinc ion is indicated ; if, on the other hand, a 
black or blackish precipitate is formed, it should 
be tested for cobalt, nickel, and zinc ions as in (142). 

Manganous ion (almost invariably present) is 
precipitated by bromine and ammonia from the 
filtrate separated from the ])recipitate produced 
bv hydrogen sulphide in the acetic acid solution 
(Sec. 58, 7), and the liquid, filtered from the sepa- 
rated hydrated manganese dioxide, is teste^ for 
barium, strontium, calcium, and megnesium ian 
according to (161) and (167). If they are not all 
detected here, the hydrated manganese dioxide 
precipitate, which contains small particles of 
compounds of the alkaline earth metals, is dis- 
solved by heating it in hydrochloric, ^cid^atb® 
manganous ion preci])itated with ammonia and 
ammonium sulphide solution, the liquid filtered, 
and the filtrate tested as in (161) and (167) for 
the ions of the alkaline eartl^ metals. 

(bb) The solution contains ij^uch ferric ion. In this case the 
process described^ J|^*,6eo. 63, A, 3, 6, is used, in order 



712 PRACTICAL METHODS FOR SPECIAL CASES oh. ii 


to * precipitate tke ferric ion as basic salt ; the liquid 
is then filtered, the precipitate washed with water 
containing ammonium chloride, the filtrate concen- 
trated as far as possible in a platinum dish, allowed to 
cool, ammonia added in slight excess, the liquid 
filtered, the precipitate washed, and the first main 
precipitate united with that obtained on the second 
precipitation with ammonia solution ; this precipitate 
is dealt with as in (aa) (aa), and the liquid filtered from 
the ammonia precipitate as in (aa) (j8j8). 

265. (6) Examination of the residue. This generally consists of sand, 

hydrated silicon dioxide, clay, and organic substances, but, 
if hydrogen sulphide is present in the water, may also 
contain sulphur as well as the sulphates of barium, strontium, 
and perhaps calcium. It is boiled first for some time with 
a solution of sodium carbonate and sodium hydroxide to 
dissolve the silicon dioxide and any sulphur present, the 
solution diluted and decanted from the residue on to a 
filter ; the residue is boiled twice more with fresh portions 
of the sodium carbonate solution, and the precipitate trans- 
ferred to a filter, and washed. 

(a) Examination of tke solution. A part of the filtrate first 
obtained is acidified with hydrochloric acid (an odour 
of hydrogen sulphide indicates the j^resence of sulphur 
in the spring deposit), evaporated to dryness, the residue 
heated with hydrochloric acid, diluted with water, the 
liquid filtered, and the still undissolved residue washed, 
dried, and ignited, in order to separate silicon dioxide 
from any sulphur present. Should there be any doubt 
as to the presence of sulphide ion in the alkaline 
solution, a portion of it should be tested with alkaline 
lead solution (Sec. 124, 4). 

(^) Examination of the residue. This is treated with dilute 
hydrochloric acid to dissolve any barium and strontium 
j , ions present which may have been contained in the 
incrustation as sulphates, and have been converted 
into carbonates when boiled with sodium carbonate. 
The hydrochloric acid solution is tested according to 
(163) (or barium and strontium ions, and the residue, 
insoluble in hydrqchloric acid,, is examined as in Sec, 
183. 
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ANALYSIS OF SOIL 

2. The test for fluorine ion is best madt on a separate portion of the 266 . 

ferruginous deposit or incrustation. If it does not already 
contain much calcium carbonate, it is mixed with about half its 
weight of pure calcium hydroxide, ignited (in which operation 
organic substances may also be detected), the residue stirred with 
water, acetic acid added until the reaction is acid, the mixture 
evaporated to expel the acetic acid, and then dealt with as in 
(252). 

3. If arsenic ions have been found, the ferruginous deposit or in- 267 . 

crustation is boiled continuously with concentrated potassium 
or sodium hydroxide solution, the li( 2 uid filtered, and the filtrate 
tested according to Sec. 92, 13, to determine whether the arsenic 
is present in the incrustation in the form of arsenite or arsenate. 

If the incrustation contains organic substances of a humus- 
like nature, and further examination is required, the methods 
of organic chemistry should be used for the purpose {cf. Chap. 

III., No. 3). This examination cannot be carried out by the 
methods of analytical chemistry in the stricter sense, as dealt 
with in this book. 


IV. Analysis of Soil. 

Sec. 191 . 

As in the case in the examination of water, quantitative analysis 
is really the only certain means of determining the value, i.e. the 
I)roportion of j)lant nutrients in soil, and. as in the case of drinking 
water, a definite conclusion is only possible when the geological and 
local conditions are taken into consideration, and the chemical analysis 
supplemented by bacteriological examination ; in the same w^ a 
comprehensive oiunion regarding a given soil can only be formed when 
the physical properties and the bacteriological results as well as the 
chemical composition are taken into consideration. J'or the analysis 
of soil, as was mentioned in connection with the tinalysis of water, 
reference should be made to R. Fresenius, Anleituny zu? quantita- 
tiven chemischen Analyse, where indications, at all events, 
even in regard to the physical and bacteriological examination. 

The qualitative analysis of soil would almost seem to be super- 
fluous, since, generally S 2 )eaking, it would give the same results in all 
cases, at least as regards those earths on which, plants can grow at 
all. Still, in qualitative analysis thg extent of the reactions which 
occur permits of an estimation yf^lhe quantities of the constituents 
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present, and consequently a certain judgment as to the composi- 
tion of the soil in question. 

It shouldj however, be noted that for the nourishment of plants 
it ie not only necessary for the respective constituents to be present 
at all, but for them to be present in a form in which they can be 
absorbed by the plants. 

Thus, for example, potassium or also calcium will not serve for 
the nourishment of plants when it is present in the form of un- 
weathered silicates which are not attacked by water containing carbon 
dioxide or humic acids. 

It is important, therefore, in the analysis of soils to distinguish 
between the inorganic substances soluble in water, those soluble in 
acids, and those insoluble therein. 

It should be borne in mind, when considering the different solu- 
bility of the substances present, that the various soils possess, to a 
greater or less degree, the capacity of fixing the constituents from 
aqueous solutions by means of adsorption, and then of again rejecting 
water (penetrating rain water) which does not contain these substances, 
or only to a slight extent. It is, therefore, as a rule, impossible to 
extract completely from the earth (even by frequently repeated 
extraction with water) the substances which are soluble in water. 
Despite these limitations, however, it is advisable to carry out the 
qualitative analysis in accordance with the solubility groups already 
mentioned. This examination may be divided as follows : — 

1. Preparation and Examination of the Aqueous Extract. 

Sec. 192. 

3. 4 A kilogramme of air-dried soil is used for the purpose. It is not 

easy to prepare a clear aqueous extract, since, when the soil is 
treated in the cold, or boiled with water in the ordinary way, and then 
filtered, the fine clay renders this work more difficult, in that it firstly 
stops up the pores of the filter paper, and secondly that it nearly 
always (at least at first) renders the filtrate turbid. The following 
•w^woceai^. devised by Fr. Schluze, is a simple and comparatively rapid 
method of attaining the object in view. The points of medium- 
sized funnels are closed with small filters made of strong paper ; 
these are moistened and pressed well against the sides of the funnel, 
a layer of fine, pure, ignited quartz sand 2 to 3 cm. thick placed on 
them, and the air-dried earth which is not powdered or only com- 
pressed (it is preferable that the greater portion should consist of 
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lumps the size of a pea to that of a ^Inut), placed in the funnel ao 
as to fill it to the extent of about two-thirds. Distilled water is now 
added until it covers the soil, the first filtrate, if turbid, being poured 
into the funnel again and allowed to drip through ; the funnel is 
again filled with water, and this process repeated until the filtrate is 
two to three times the weight of the soil used. The filtrates, which 
are often somewhat turbid, are mixed together ; a portion of the soil 
which has been extracted with water as far as possible is reserved. 

The aqueous solution is divided into two portions, 1 and 2, con- 
taining two-thirds and one-third respectively. 

1. Portion 1 is eva^iorated in a porcelain dish until very concentrated, 
and then tested as follows : — 

(a) A small quantity is filtered, the reaction of the clear or 269 . 
almost clear filtrate determined, one part of it reserved to 
be tested for organic substances according tfj (279), the 
remainder of the filtered portion heated, and treated with 
nitric acid. Evolution of gas indicates an al^'alt carbonate. 

One half of the liquid is then tested for chlorine ion by 
means of silver nitrate, and the other for sulphate ion by 
means of barium chloride. 

(b) The remainder of the concentrated liquid obtained in 1 , 270 . 
together with the precipitate which is usually formed, is 
placed in a small porcelain or, better, platinum dish, evapo- 
rated to dryness, and the brownish residue cautiously heated 
over a flame until the organic substances are destroyed. 

In the j)re8ence of nitrate ion incandescence will occur, 
which is more or less pronounced according to the quantity 
of nitrate ion. The gently ignited residue is tested as 
follows : — ^ 

(a) A small quantity is tested for tmnganous ion by fusion 
with sodium carbonate in the oxidation flame (Sec. 

58, 19). 

(j8) The remainder is heated with water, a little hydro- 
. chloric acid added (eflervescence indicates carbonate 
ion), the mixture evaporated to dryness to »qparat6^2fee 
silicon dioxide, the residue moistened with hydrochloric 
acid, water added, and the liquid heated and filtered. 

(aa) The washed residue generally contains a little 
carbon, also some clay (if the aqueous extract was 
not quite clear), and finally silicon dioxide. To 
identify thc;latter, the point of the filter ki pierced, 
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the residue washed through, boiled with a solution 
of sodium carbonate, the liquid filtered, treated with 
hydrochloric acid in excess, evaporated to dryness, 
and the residue treated with hydrochloric acid 
and water, whereby silicon dioxide is left. 

{hb) A small portion of the hydrochloric acid 
solution is tested for phosphate ion (after previous 
evaporation following the addition of nitric acid) 
by means of a solution of ammonium molybdate 
in nitric acid ; a second portion is tested for ferric 
ion by means of potassium thiocyanate. To the 
remainder there are added (for the separation of 
phosphate ion) a few drops of ferric chloride, then, 
cautiously, ammonia solution until the liquid is 
slightly alkaline, the mixture gently heated, 
filtered, and the calcium ion precipitated from the 
filtrate by means of ammonium oxalate ; tests for 
the detection of magnesium ion, sodium ion, and 
potassium ion are made exactly as in the ordinary 
course of analysis (Secs. 172 and 173). Finally, a 
small portion of the pure alkali chlorides is spectro- 
scopically examined for lithium ion. 

271. Aluminium ion is not often present in the 
aqueous extracts of soils ^ (Fr. Schulze never 
found any). If tests are to be made for it, the 
precipitate obtained with ammonia is boiled with 
pure potassium or sodium hydroxide solution in 
a platinum or silver dish, the liquid diluted, and 
filtered, and the filtrate tested by acidifying it 
with hydrochloric acid, and heating it with am- 
monia. A positive result is only conclusive of 
the presence of aluminium ion, if the reagents 
were undoubtedly free from aluminium. 

272. 2. One portion of the second part of the aqueous extract is tested, 
«M^if irqu-ions were found, with potassium ferricyanide, and another 

portion with potassium thiocyanate, in both cases after the 
addition of a little hydrochloric acid, to determine the degree of 


* Soils which t!i)ntain free sulphuric acid produced by the weathering of 
sulphur pyritt‘8, and therefore yield aqueous extracts which show an acid 
reaction towards methyl orange, cau/ of course, contain aluminium ion solvble 
in uxUer. ^ • 
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valency in which the iron ions ate present. The remainder of 
the aqueous extract is tested for nitrate and nitrite ions, and also 
for ammonium ion as in Secs. 236 and 237. 

2. Preparation and Examination o! the Acid Extract. 

Sec. 193. 

About 50 grins, of the soil whicli has been extracted as far as 278. 
possible with water (complete washing is, as a rule, not ])Ossible) is 
heated with moderately strong hydrochloric acid (effervescence 
indicates carhomiies) for a few hours on the water bath, and filtered. 

The liquid, which is generally of a red dish -yellow colour, owing to 
ferric ion, is used for the following t(‘sts : — 

1. A small portion is tested for ferric wn by means of potassium 

thiocyanatCj and a second for ferrous ion by means of potassium 
ferrlcyanide. 

2. A small quantity is evaporated to dryness, the residue heated at 274. 

a temperature only slightly exceeding moistened with 

hydrochloric acid, a little water added, the mixture heated, a 
little more water added, and the silicon dioxide, which is gene- 
rally coloured, owing tn organic substances, but turns white on 
ignition in the air, filtered off. A portion of the filtrate is 
tested with barium chloride for sulphate ion, and the remainder 
evaporated to a small residue, with the repeated addition of 
nitric acid, and this residue tested for phosphate ion by means 
of a solution of ammonium molybdate in nitric acid. 

3. A somewhat larger portion is used for the detection of manganous, 275. 

aluminium, calcium, migncsium, potassium, and sodium ions by 
the ordinary methods, and, if only small amounts of organic 
substances have passed into the hydrochloric acid solution, it 
is dealt with directly according to (141 et seq.), otherwise as in 
(135). 

4 If it is desired to ascertain whether the hydrochloric acid extract 276. 
contains arsenic ion, cupric ion, etc., the remainder the bo1\i-^ 
tion is treated with hydrogen sulphide, etc., as described in (261) 
to (263). 

5. U fluorine ion is to be detected, it is best to test a special portion 
of the ignited soil according f>o (230). 
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8. Examination of the Inorg&nic Constituents insoluble in Water 
and Aci^. 

Sec. 194. 

277. When heated with hydrochloric acid (273), the greater portion 
of the soil always remains undissolved. If this is to be chemically 
examined, it should be washed, dried, the stones separated from clay 
and sand by sifting, these last separated by elutriation, and the 
different constituents submitted to the process of analysis described 
in connection with silicates (Sec. 181). 

4. Examination of the Organic Constituents of Soil. 

Sec. 195. 

278. The organic constituents of soil consist partly of portions of 
plants, the structure of which can still be recognised (pieces of 
straw, roots, seeds of weeds, etc.), and partly of products of decom- 
position (especially those of plants), which are generally given the 
collective name of humus. These are of varying nature, according 
to their constituents and properties, and according to whether they 
are produced by the decomposition of substances containing or free 
from nitrogen — whether they have been produced with the assist- 
ance of alkalis or alkaline earths — and whether decomposition has 
just set in or is considerably advanced. These different constituents 
have not been exhaustively investigated. So far as they are known 
and characterised, they can only be in any way accurately identified 
by the methods of organic chemistry (Chap. III., No. 3). It 
generally suffices to estimate the quantity of carbon or nitrogen in 
theip. by means of elementary quantitative analysis, or to determine 
the quantity of permanganate necessary for their oxidation. In 
this respect reference should be made to R. Fresenius, Anleitung zur 
quaniitativen chemischen Analyse. As far as qualitative analysis is 
concerned, which is the question here, the following tests should 
be made : — 

**** ' (e.)* Examination of organic substances soluble in water. 

279. The portion reserved for this purpose in (269) is evaporated to 
complete dryness on the water bath, and the residue treated with 
water. 

The liquid is then filtered, and evaporated to dryness, and the 
residue ignited in the air. Incandescence, accompanied by an odour 
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of burning, or previous carbonisatioi^ indicates the presence of 
organic substances. If large quantities of humic substances soluble 
in water are present, the aqueous solution shows a more or less 
pronounced brown coloration. 

(6) Treatment urith alkali carbonate. 

A portion of the soil which has been extracted with water is dried ; 280 . 
any stones or particles of straw, roots, etc., are separated from the 
finer soil by sifting, the latter treated for some hours at 80° to 90° 
with a solution of sodium carbonate, and the liquid filtered. The 
filtrate is treated with hydrochloric acid until the reaction is acid. 

If brown flakes separate, they are derived from the so-called humic 
acids, which were present in the soil in the form of salts insoluble in 
water. The precipitate is light or dark brown, according to the 
nature of the humic acid present. 

(c) Treatment with alkali hydroxide. 

The earth which was extracted in (h) with a solution of sodium 281 . 
carbonate is washed with water, and I)oiled for some hours with 
potassium hydroxide solution, the evaporating water being replaced ; 
the liquid is then diluted and filtered, and the residue washed. The 
brown liquid is treated as in (6). The humic acids which separate 
here should be regarded as having been formed only on boiling with 
alkali hydroxide. 

V. Detection of Inoroanic Substances in the Presence of 
Organic Substani'er. 

Sec. 196. 

In many cases the [presence of organic substances renders the 282 . 
detection of inorganic substances simultaneously present much more 
difficult, whether it is a question of objects made o^ wood, leather, 
paper, or textile fabrics, etc., or of drugs, food products, spices, 
fodder, manure, lubricating oil, parts of plants, cadaveric rei^ains, etc . , 

On the one hand, it is often impossible, without treatment, to dis- 
solve the inorganic substances when solid matter or oils which do 
not mix with water and acids are to be examined. On the other 
hand, dough-like slimy masses c^ten cannot ^be fiiltered without 
previous treatment, and^ as in the case of many dark-coloured liquids, 
frequently make it impossible to recognise wlfether reagents ijroducc 
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precipitates, and if so, to determine their properties. Finally, even 
in clear solutions the reactions of many inorganic substances are 
influenced by the presence of organic substances (owing to the 
formation of complex compounds). 

In many cases, therefore, the organic substances must be removed 
or destroyed. 

According to whether the object in question is to be examined for 
all inorganic substances, or only for definite individual substances, 
various methods may be used. No one rule can be given to meet 
all cases. We therefore confine ourselves to giving a number of 
general instructions, and enlarging on a series of individual cases. 

1. General Remarks. 

1. If it is solely a question of the examination of substances 
which do not volatilise on heating, solid substances may be calcined 
without treatment, but pasty or liquid substances only after evapora- 
tion to dryness. The method of procedure is described in detail in 
Sec. 208. If the object which is to be tested is not an unaltered 
part of a plant or of an animal body — if it is, for example, coloured, 
painted, impregnated, tanned, etc. — it may, of course, contain other 
substances than those dealt with in Sec. 208. In that case, the ash 
should be dealt with acconling to the methods given for the general 
systematic course of analysis. In the case of substances which burn 
with diiliculty, complete incineration may, under certain conditions, 
be effected, if they arc first impregnated with a solution of ammonium 
nitrate, or if the substance or the charcoal obtained by direct in- 
cineration is mixed with solid ammonium nitrate and heated. As a 
violent action may occur, the ammonium nitrate should be added 
cautiously. 

^n many cases it is preferable, instead of simply calcining the 
substance, to fuse it with sodium carbonate alone, or with sodium 
carbonate and potassium nitrate, which may be done according to 
the instructions given in Sec. 169 (135). It is not advisable to use 
sodium peroxide, owing to its violent action. 

Needless to say, in the calcining or fusion process the individual 
constituents arc not found in the same state of valency in the ash. 
It should also be noted that, for example, sulphur and phosphorus 
which were originally present in organic combination appear in the 
ash or fused mass as sulphate or phosphate ion, and cannot be 
distinguished from the sulphur or phosphorus originally present as 
a constituent of inorganic substances. 
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If a test is to be made for sulphate phosphate ion in the presence 
of organic substances, the former should be dissolved in the manner 
described in 5 without destroying the organic substance, e.g. by 
extraction with acids. If it is only a question of the detection of 
chlorine, bromine, or iodine in organic substances, the latter should 
be mixed with about four times their quantity of pure sodium 
carbonate (if necessary evaporated to dryness), and gently ignited 
for some time. The carbonised mass is then extracted with 
water, and the liquid filtered from the charcoal, and tested for 
halogens. 

2. Another method of destroying organic substances which may 284 . 
be specially recommended in the case of liquid and semi-liquid 
objects, animal organs, cadaveric remains, and numerous viscous, 
slimy, or gelatinous masses which cannot be readily evaporated to 
dryness, is to heat them with strong oxidising agents. Mention 
may here be made of the method of primary importance pro]) 08 ed 
by R. Fresenius and von Babo, which depends on the action of 
hydrochloric acid and potassium chlorate. It is described in detail 
in Sec. 203 (rubric number 301). For jiarticulars, therefore, refer- 
ence should be made to the directions given there. Instead of this 
method, the treatment with bromine of the articles in question on 
tlie water bath has also been suggested. 

These excellent methods, which experience has shown to be 
trustworthy, cause deco lor isation and the conversion of a pasty 
mass into a thin liquid, so that further treatment is possible ; they 
do not, however, effect the complete removal of organic substances, 
and consequently these must be taken into consideration in the 
course of further examination, as being possibly present. Further, 
precipitates may be produced in such liquids by hydrogen sulpiyde 
or ammonium sulphide, even in the absence of the cations of Groups 
VI., V., and IV. 

Other methods are based on as comjdete a destruction of the 
organic substances as possible. So far as the action of concerUrated 
acids on organic substances is concerned, these can only be applied 
(after previous treatment of the liquids or pasty masses J)y 
methods described in 2) to the precipitates obtained from such liquids, 
or to the residues which remained insoluble in the preliminary 
treatment. If solid substances are present, they may be directly 
oxidised by these methods, “ • 

The following reageiV;8 have beerj, recomniended ; Red fuming 
nitric acid, concentrated sulphuric acid and nitric acid, amm#nium ^ 

46 
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jpersulphate and nitric acM, percarbonates, Caro’s monosulpho- 
peracid, H 2 SO 6 (or concentrated sulphuric acid and 30 per cent, 
hydrogen peroxide (perhydrol), or ammonium persulphate i) . These 
methods, if adopted, should be applied as described in detail in Sec. 
197, d (292) and Sec. 205 (321). 

285. 3. The destruction of organic substances by means of concen- 
trated sulphuric acid is also suitable for many purjioses, e.g. in the 
form in which it is described in the systematic course in Sec. 169 
(135, /3), or in the form which Kjeldahl has devised for the deter- 
mination of nitrogen in organic substances, i.e. by heating them with 
a considerable excess of concentrated sulphuric acid, if necessary with 
the addition of phosphorus j>entoxide or potassium sulphate, or 
mercury or cupric sulphate, until a light (usually clear) solution is 
obtained (ZeUsch. anal. Chem., 40, 566). 

286. 4. If it is a question of solid substances, these may also first be 
extracted with water or acid, and only the residue subjected to one 
of the treatments described in 1-3. The same is applicable to 
masses from which the fluid portion may be readily separated by 
filtration. 

287. 5. Under certain conditions, organic substam^es may be removed 
without destruction, e.g. when the object is mixed with oil or fat, 
by treatment with ether or petroleum spirit, or the substances to be 
examined can be extracted from the organic material by means of 
a solvent which does not attack them. For instance, H. Fresenius 
and Schattenfroh {Zeitsch. anal. Chem., 34, 381) suggest shaking oils, 
which are to be tested for metals, with dilute acids, and so dissolving 
the metals. 

Needless to say, in using the methods just described, it must in 
e^^h case be borne in mind what constituents may possibly be lost 
by evaporation, what substances are introduced by the reagents 
into the object under examination, or may be formed in the treatment 
(thus, e.g. ammonia from organic nitrogen compounds on treatment 
as in 3), and the suitable method of treatment should be chosen 
accordingly. 

28C. 6. U salts or acids are to be detected in the presence of colloidal 

organic substances, it is frequently very advantageous to make use 
of dialysis (Sec. 9).^ According to the conditions, the substance is 

* Cf. for example. Zeitsch. anal, them., 4 , 208 ; 21, 300 ; 39, 403 ; 42 , 644: 
43 , 134 ; 44 , 269 ; 49 , 260 ; 60, 307 ; 50, 468 ; 61. 78. 

• Cf. O. Re veil, Zeiisch. anal. .Chem., 4 , 260 ; Bizio, Ibid,, 6 61 ; Riederer, 

. Ibid., ^7, 617 ; H. Struve, Ibid., 24, 72. 
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introduced into the dialyser either at# once or after previous treat- 
ment, e.g. after heating with hydrochloric acid, or with hydrochloric 
acid and potassium chlorate. If the former method is adopted, the 
substances will be present in the dialysate in the same stage of 
valency in which they were originally present. With regard to the 
procedure in detail, see Sec. 201. 

It is, of course, impossible within the scope of this book to describe 
all the various methods which have been devised for the detection 
of particular substances in drugs, foods, articles of every-day ^ 
use, urine, etc. In this respect reference must be made to the 
literature on the subject, especially to the Zeitschrift fur analytische 
Chemie. In the following sections we only deal with a series of 
specially important cases of testa for poisonous constituents in the 
presence of organic substances, and also with the general method of 
examining plant ash. 

2. Detection of Arsenic in Textile Fabrics, Carpets, 

Pigments, etc. 

Sec. 197. 

Of the many methods suggested for this purpose the following 289, 
may be mentioned : — 

{a) About 20 to 30 grms.i of the substance under examination 
(if necessary cut into small ])ieces) are covered in a retort (with a 
tubulure) of about 500 c.c. capacity, with 100 c.c. of pure hydro- 
chloric acid of sp. gr. 1’19 ; the neck of the retort is drawn out and 
bent at an obtuse angle. It is placed in such a }) 08 ition that the 
part of the neck next to the body is directed diagonally upwards, 
and the other part is inclined downwards. The latter is introduced 
into the cooling tube of a Liebig (jondenser, and the joint secured 
with a piece of rubber tubing. The condenser tube is then con- 
ducted into a receiver of 700 c.c. capacity with a side tubulure, the 
connection being air-tight. This vessel is charged wilh about 200 c.c. 
of water, immersed in a basin of cold water to cool it, and its tube 
connected with a Peligot tube containing water. After jsibout aij^ 
hour, 5 c.c. of a cold saturated solution of ferrous chloride ^ prepared 

1 If it is not possible or desirable to uso so much of the substance, e,g. in 
the examination of dyes, tho quantities of hydriKshloric acid, ferrous chloride, 
etc., must be reduced in proportion to the amount of the substance ; smaller 
retorts and apparatus should also bo used. • 

■ Instead of ferrous cl^oride, one of tho other reducing agents mentioned 
in connection with penta valent arsenic, 1^. 90, may ^>0 used. ^ 
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from crystals is introduced into the retort, and the contents heated. 
As soon as the excess of hydrochloric acid has escaped, the tem- 
perature is raised, so that the liquid boils ; it is then distilled until 
the contents of the flask begin to froth up. It is allowed to cool, 
60 o.c. of hydrochloric acid of sp. gr. 1*19 introduced into the retort, 
or into any other known arsenic distillation apparatus, and the 
liquid distilled in the same way. 

The distillate, coloured brown by the organic substances, is 
combined with the contents of the Peligot tube, and diluted with 
water to about 600 or 700 c.c., and pure hydrogen sul[)hide introduced, 
first while the liquid is heated and then in the cold. 

After about 12 hours, the brown precipitate, consisting partly or 
wholly of organic substances, is collected on an asbestos filter 
(prepared by suitably packing asbestos into a funnel with a glass 
tap), the precipitate slightly washed, the tap closed, and the 2)recipi- 
tate treated in the funnel with a few c.c. of a solution of bromine in 
hydrochlorh; acid of sp. gr. 1‘19, the funnel being covered with a 
clock-glass. After about half an hour, the solution is run oft’ into the 
precipitation flask, to the sides of which portions of the hydrogen 
sulphide ])re{a|)itatc are frequently still adhering. The residue on 
the asbestos filter is washed with the strong hydrochloric acid, 
already frcqumitly mentioned, ferrous chloride in sufiicieut excess 
added to the (jontents of the flask, which are then rinsed with the 
aid of strong hydrochloric acid into a correspondingly smaller retort 
of a distillation apparatus, similar to the one mentioned above ; the 
liquid is distilled to a fairly small residue, allowed to cool, and, after 
the introduction of another 50 c.c. of hydrochloric acid of sp. gr. ri9 
into the retort, distilled again. The distillate, which was mixed with the 
coptents of the Teligot tube, is diluted to 5CKJ to 7fK) (;.c., and treated, 
as described above, with hydrogen sulphide, in order to separate 
any arsenic present as arsenious sulphide (R. hVesenius and E. Hintz). 
If it is desired to separate the arsenic as a mirror, the arsenious 
sulphide should be treated as in (31 1). ^ 

* (6) The following methods ^ used in Sweden are based on the 

r«ame pwuciple : — 

^ The presence of arsenic in the sub.stances under examination can only be 
considered to have been proved with absolute certainty when blank tests, 
made with the same hydrochloric acid and the same ferrtms chloride in the same 
retorts, have given negative results, Atterborg {Chem. Zeritr., 1885, 600) 
prefers to evaporate the distillate containing arsenic with nitric acid, to dissolve 
the residue in water, and to converO the arsenate i<Ai into silver arsenate. 

* <?/. ZeiUch. anal, Chem,, 34, 89.” ^ 
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A flask of aboiife 300 c.o. capacity^is connected by means of a 
50 c.c. pipette, bent twice at right angles, with an oj)en receiver. The 
latter has a capacity of about 1(X) c.c., and is lialf filled with water, 
in which the point ot the ])i|)ctte is slightly immersed ; the sample 
is introduced into the flask, treated with 2 grins, of ferrous 
sulphate free from arsenic, and cov’^ered with 50-80 c.c. of concen- 
trated hydrochloric acid of sp, gr. 1‘ 18-1' 19, free from arsenic. In 
the case of bronze colours or other metallic substances, a further two 
to three grins, of ferri<! chloride free from arsenic should be added. 

The flask is heated, and the hydrochloric acid kept boiling as long as 
the pipette can be held in th(i hand. The resulting distillate is 
treated with 50 c.c. of saturated hydrogen sulphide water, or is 
diluted with 50 c.c. of water, and hydrogen sul[)hide introduced. 
After 12 hours' standing, the separated arsenic sulphide is collected 
on a small filter, washed with water until the acid reaction disappears, 
and then dissolved in 5 c c, of dilute ammonia solution (one volume 
of ammonia of sp. gr. 01)G and one volume of water). After the 
addition of 0 02 gnu. of sodium carbonate, the solution is evaporated 
to dryness on a clock-glass, the residue thoroughly mixed with about 
0'3 gnu. of a mixture of dry sodium carbonate and })otassium cyanide, 
and reduced in a current of carbon dioxide, as descril)cd in Sec. 89, 17, 
in a bulb tube made of glass absolutely free from ars(mie. This 
tube must have a bulb of about 2 cm. diameter, to whi(di the narrow 
part of the tube in which the arsenic min’or is to s(;j>arate is directly 
attached. • 

(c) The ])igment, if present as such, is mixed with two parts of 291 . 
sodium carbonate and two parts of sodium nitrate, or the textile 
fabric or carpet, cut into small pieces, is saturated with a concen- 
trated solution of this mixture, and thoroughly dried. SodfUm 
nitrate is then fu.sed in a small porcelain dish, and the substance, 
prepared in accordance with the instructions given above, gradually 
added to it, the heating being continued meanwhile, and, if necessary, 
a little more sodium nitrate being added from time to time. By this 
means a fused mass is obtained free from organic substances and 
carbon. When cool, it is soaked in water, the alkali3^ liquid'* 
filtered, the residue washed, sufficient hydrochloric acid added to 
the combined filtrate and washing water to expel the carbonic 
acid, nitrous acid, and nitric acid ; ,the whole is then evaporated (at 
first on the water bath, finally at a slightly Higher temperature) 
until heavy sulphuric acud vapour begins to escape, allowed to cool, 
diluted; and filtered. This liquid may either be introduced dTrectly 
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into Marsh’s apparatus to be^tested for arsenic (Sec. 89, 12, 10), or 
it may be treated with hydrogen sulphide, after the addition of a few 
drops of hydrochloric acid, and any precipitate treated according 
to (311). 

292 * (d) Not infrequently, however, a simpler process will suffice to 

obtain a liquid from textile fabrics, carpets, etc., which can be tested 
directly in Marsh’s apparatus. Of the many methods described for 
this purpose, mention may be made i of that recommended by H. 
Fleck.2 The object to be examined, after being cut up, is digested 
for 18 to 24 hours with 50 to 100 grms. of pure 25 per cent, sulphuric 
acid at 50° to 60°. If, after this digestion, remains of the pigment 
are still visible on the object, which is very seldom the case, 3 to 
5 grms‘. of pure nitric acid of sp. gr. 1‘24 are added to each 100 grms. 
of the 25 per cent, sulphuric acid, and the digestion continued until 
every vestige of pigment has been destroyed. The liquid is filtered, 
the residue washed, and the filtrate diluted to 200 c.c. and tested in 
Marsh’s apparatus, 20 c.c. being introduced into it at a time. If 
nitric acid was added, the liquid must be evaporated until all the 
nitric acid has been removed before diluting it to 200 c.c.^ 

(c) Arsenic may, of course, be detected in a solution prepared 
according to (d) by one of the rapid methods described in Sec. 92, 
9, (e) or (/), instead of with the aid of Marsh’s apparatus. 

(/) With regard to the official method of detecting arsenic and 
tin in coloured foods and spices, see Zeilsch. anaL Chem,^ 27, 471. 

< 

8. Detection ol Inorganic Poisons in Food, Cadaveric Remains, 
etc., in Chemico-legal Cases.^ 

Sec. 198. 

* 298 « The chemist is occasionally called upon to examine food, the 
contents of a stomach, a dead body, etc,, for any poison contained 
in it, in order to determine whether the poisoning was voluntary or 
involuntary. Frequently, however, the question is more specific, 

‘ In connection, sco also See. 211. 

• ZeiUsch. mud. Chem., 22, 474. 

® With regard to other methods suggested for the same purpose, cf. H. 
Hager, Zeitsch. mud. Chem., 11, 478 ; E. Lyttkens, Ibid., 22, 147 ; G. Thomas, 
Ibid., 22, 476 ; Ed. Polonske, Pharm. ZerUralh., 40, 388 (1889). 

* Cf. R. Fresenius, Vber die Stelluu^ des Chemikers bei gerichtlich-chemischen 
Untersuchungen, iisu\, Liebig's Ann. d. Chem., 49, 276; also R. Fresenius and 
L. v.fBabo, Vber ein ne.ues, unter qllen Umstdnden^sicheres Verfahren zur Aw- 
miUluruj and qtuiniitativen Bestimmunn des Arsens bei Vergi/tungs/dHen, Liebig's 
Ann. a. Chem., 49, 287. 
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and he is only required to decide whether a metallic poison is present 
in this or that substance, or, in particular, whether it contains arsenic, 
prussic acid, or anothet definitely specified poison, either because, on 
opening a body, the effects of poisoning or indications of a poison 
justify such a specific question, or that the coroner is in a position 
(or considers he is) to ask the question for other reasons. 

Obviously the task is the easier to solve, the more specific is 
the question. But even when it only refers to a definite substance, 
e.ff. arsenic, the chemist is wiser if he adopts a method which permits 
not only of the detection of one poison, possibly presumed to be 
present without valid reason, but also indicates the presence or 
absence of other similar poisons, for it must always be remembered 
that the object of his examination (“ corpus delicti ”) is only available 
once. 

If, however, this plan were to be carried to extremes, and a 
method devised to cover all possible poisons, it could obviously 
be worked out at a desk ; practice, however, would prove only too 
soon that the inevitable complication of such a 2 >roce 88 would 
influence its easy application and the possibility of success to such an 
extent that the disadvantages would be greater than the advantages. 
Besides, as a rule, the ac(?ompanying circumstances permit of a 
fairly safe conclusion as to the group to which the poison must have 
belonged. With this jwint in view, the following processes are 
given : — 

1. A process which ensures with the greatest certainty the 
detection of the smallest quantity of arsenic likely to be the subject 
of forensic examinations, which i>ermit8 of its gravimetric estimation, 
and renders the detection of all oilier metallic poisons possible (Sec. 
199 to Sec. 204). 

2. A process for the detection of hydrocyanic acid, which does 
not render the substance useless for the examination for metallic 
poisons, or for alkaloids (Sec. 206). 

3. A process for the detection of phosjthorus, which does not 
interfere with the examination for other poisons (Sec. 207). 

Further, as Appendix to I. : — 

4. A process solely for the detection of arsenic, which, as a xiuo, 
cannot be used in conjunction with tests for other poisons (Sec. 205). 

This chapter does not, therefore, claim to be a complete treatise 
on all chemico-legal examinationyS ; what is sjated, however, has 
been tested, and showq to be trustworthy by our own practical 
experience. The directions ^ivan here wffl, in most ca^, be 
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sufficient, especially as details will be given in an appendix to the 
chapter dealing with alkaloids of the best methods for their detection 
in forensic cases. It will be found advisable to instruct students in 
this toxicological work only when they have acquired thoiough 
practice and experience in quantitative anal} sis. 

294. If there are no definite indications of the nature of the poison to 
which the examination is to extend, so that it is necessary to take 
all poisons — inorganic as well as organic — into consideration, the 
material should be most cautiously examined with the naked eye 
or with a lens, and its odour, reaction, etc., tested; then, if cir- 
cumstances do not permit of separate 8 amj)le 8 being taken for 
various examinations, the material is first tested for hydrocyanic 
acid and phosphorus (both can generally be detected by one dis- 
tillation), then for alkaloids, and finally for metallic poisons. 

If various objects are to be examined— drugs, foods, beverages, 
vomit, the contents of a stomach, intestinal contents, urine, organs 
of the body (liver, spleen, etc.) — it should be made a rule to examine 
the individual objects separately. It is always necessary, after 
weighing and uniforjuly mixing, to reserve one-third of each of the 
materials for unforeseen i)088ibilitie8, and, if necessary, for deter- 
mining in what state of combination the elements under suspicion 
are present. 

In the case of material which putrefies readily, the portions 
reserved should be protected from decomposition by packing them 
in ice. In certain cases, they may be preserved by covering them 
with pure alcohol, or with saturated sodium carbonate solution. 

1. Method for the Detection of Arsenic, while taking other 
r Metal Poisons into consideration. i 

Sec. 199. 

296. Of all the raetallio poisons arsenic is the most dangerous, and the 
one most frequently used — especially when poisoning is intentional. 
Among the arsenic compounds, again, arsenic trioxide (white arsenic) 
•^eccupiea^tiie first position, firstly because its lethal dose is very small, 
secondly because it has little, if any, taste, and thirdly it is fairly 
easy to obtain. 

Since arsenic trioxide only dissolves slightly and very slowly in 
water (owing to the fact that it repels the liquid), the greater portion 

^ Arsenic is usually spoken of '*j,s a “ metallic'' poison,” although in the 
ohexnioa^ sense it belongs to the metalloids (c/. p. 315). 
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of the quantity swallowed will, in th« case of acute poisoning, be 
found still in the undissolved condition in the contents of the 
stomach or intestine ; further, since the smallest granule may be 
detected immediately by means of a very simple test, and since, 
finally, it is certain (although arsenic is found in other compounds, 
in ferruginous deposits, coloured materials, etc.) that arsenic in 
granules or in powdered form can never be present in foods in the 
human body or in the putrefied material in coffins, i unless it has 
been directly placed there, special care should be attached to tests 
for isolating the actual arsenic, and this is generally successful. 
When making these tests, elementary arsejiic, which may also be 
used for poisoning, may be found if it is still present as such. 

A. Melliod of cletedinf) undvisolved white ar.^enic or elementary 
arsenic. 

Sec. 2CK). 

1. IE food, vomit, or the like is to be examined, the whole is 296. 
weighed, as far as possible uniformly mixed, and a third reserved 
for unforeseen j>ossibilitics ; the other two-thirds are stirred in a 
porcelain disli with distilled water, allowed to stand for a while, 
and the liquid, together with the lighter floating ])article 8 , poured 
into another porcelain dish. This process isrcj)eated several times 
and, if it is possible, with the same liquid, which for this purpose is 
poured from one porcelain dish into another. Finally, it is again 
elutriated, })referably in a glass dish, with pure water, the liquid 
removed as far as practicable, and careful note taken wliether small, 
white, hard granules, sandy to the touch and gritty when rubbed 
with a glass rod, are found (these indicate white arsenic) ; or yack 
grains or spicules (which indicate elementary t^rsenic). If no particles 
are observed, the examination should be continued as in Sec. 201 or 
202 ; if found, liowever, the susj)i(uous granules, 05 a jjart of them, 
are carefully picked out with forceps if possible, or they are cleaned, 
if very small, by further elutriation on a clock-glass, dried, weighed, 
and then the behaviour of one or more determined whenJjpated in.« 

1 R. Fresonius {Zeitsrh. anal. Chem., 6, 195) onoo liad occasion t<i examine 
the completely docompctsed remains of a child, buried for a long time, which 
wore in a small coffin painted with ochre paint. The lid of the coffin had an 
opening due to decay, and the rotten wood was mixed with the remains of the 
body. A small quantity of arsenic wSs present in tl^ contents of the coffin, 
but not more than the quantity in the ochre paint on one of the surfaces of the 
coffin similar to the one thiPt liad fallen in. » The hunjan remains as such, there- 
fore, contained no arsenic. . t * • 
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a small glass tube. In thisHest white arsenic yields a sublimate 
consisting of small lustrous octahedra and tetrahedra, but elemen- 
tary arsenic at once gives an arsenic mirror. If the former is 
obtained, a further granule is tested for its behaviour when ignited 
with a splinter of charcoal (Sec. 89, 1). If this test yields an arsenic 
mirror, it affords a trustworthy proof that the granules under 
examination are arsenic trioxide. If it is a question of determining 
the weight of the arsenic, or if tests for other metallic poisons are to 
be made, the contents of both dishes are combined and dealt with 
according to Sec. 201 or 202. 

2. If a stomach is under examination, its contents should be 
♦ emptied into a porcelain dish, and the stomach turned inside out, and 
examined as follows : («) The walls of the stomach for small, w'hite, 
hard, sandy granules or for black granules or spicules. The parts 
to which they adhere are frequently red ; the granules are often 
embedded in the skin. (6) After determining the weight of the 
uniformly mixed contents, two-thirds are treated as in 1 ; the' 
remaining third is reserved. 

Intestines are treated in exactly the same way as the stomach. 
If poisoning took j)lace through the mouth, arsenic trioxide in 
granules or elementary arsenic cannot be present in other parts of 
the body, with the possible exception of the throat or the oesophagus. 

If granules of this kind have been found, they are tested as in 1 ; 
otherwise, or if tests for other metallic poisons are to be made, the 
procedure given in Secs. 201 and 202 should be followed. 

B. Process for the detection of compounds of arsenic and other metals 
soluble m water or in hydrochloric acid by means of dialysis,^ 

, Skc. 201. 

If, in testing according to A. , no solid arsenic trioxide or arsenic 
was found, and the examination is, therefore, at once continued as 
in Sec. 202, by means of which the organic substances are entirely 
destroyed by potassium chlorate and hydrochloric acid, it is not 
necessary to examine the portion being tested for the state of com- 
"^inationah which the arsenic is present ; a solution containing an 
arsenate ion is obtained, whether the arsenic was present in the 
elementary condition as trioxide, as arsenate, or as sulphide, 
etc. This difficulty can be at least partly overcome by introducing 
a test B. by meaiis of dialysis between the two methods of 
treatment recommended in A. asid C. 

» Cf. 
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The apparatus shown in Fig. 7, ji? 4G, should be used for its 
application. The hoop consists of wood or preferably of gutta-percha, 
and is 6 cm. deep and about 20 to 30 cm. in diameter. When the 
dialyser has been perfectly arranged, the mass under examination 
(the residue and liquid from Sec. 2(X)) is poured into it, after two- 
thirds of the cut-up stomach or intestine have been added, and the 
whole digested for 24 hours at about 32° ; the dialyser, charged with 
the liquid to at most a depth of 15 mm., is allowed to float on the 
water contained in the larger vessel, the quantity of which should 
bo about four times as great as that of the liquid to be dialysed. 
After 24 hours half to three-quarters of the crystalloid substances 
will be found in the outer water, which generally appears colourless. 

It is concentrated by evaporation on the water bath, the greater 
})ortion finally acidified with hydrochloric acid, and treated with 
hydrogen sulphide, and the examination continued as in (.302). If an 
arsenic compound, soluble in water (or another soluble metal salt) 
was present, the corresponding sulphide will be obtained in almost 
pure condition. In the end, all the soluble crystalloid substances 
may bo extracted from the mass still contained in the dialyser, by 
allowing this latter to float repeatedly on further quantities of water. 
The residue of the dialy.sate, concentrated by evaporation, is finally 
tested as in ISec. 92, 13, to determine whether the arsenic found is 
present as arseuite or arsenate ion. 

The contents of the dialy.ser, thus completely extracted with 
water, are, as a rule, best examined at once for metal compounds 
insoluble in water according to Sec. 203 ; in many cases, however, 
it may be advisable, especially in determining the stage of oxidation 
or the condition of combination of compounds of arsenic or other 
metals insoluble in water, first to heat the contents gently ^ith 
dilute hydrochloric acid, and then to subject them again to treatment 
by dialysis. 

If it is not desired to insert a test by dialysis between the two 
treatments of the material under examination according to Secs. 200 
and 203 (the examination is naturally protracted), the remaining 
third of the material is used -for the test by dialysis, in tlM^event of* 
a metallic poison having been found, for the purpose of determining 
more definitely the stage of oxidation and the form of combination 
of the metal, (c/. (319)), and this method of operation will in most 
be found to be preferable. 
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C. Method of delecting arsenic ^ in whatever form of combination it is 
present, affording a meam for its gravimetric estimation, and for 
determining the presence or absence of all other metallic poisons. 

Sec. 202. 

298 . If, in the process given in A., neither white arsenic nor elementary- 
arsenic was found in solid form, and in the course of dialysis no 
arsenic compound soluble in water or dilute hydrochloric acid, it 
will be necessary to test the material for the purpose of determining 
whether arsenic is present in any other form. It was pointed out 
in Sec. 109 that such detection must not always be taken as an 
indication of arsenic poisoning without further proof Let us admit the 
criticism based on Gautier’s statement that arsenic in small quantity 
forma a normal constituent of the human body may be dismissed, 
since this statement of Gautier’s has not been confirmed by the 
repeated experiments of other investigators, or at least has been 
recognised as being practically without significance. i On the other 
hand, however, it should be noted that traces of arsenic may certainly 
be found in the bodies of arsenic caters, and especially that the urine 
of people who have been treated with salvarsan or other medicinal 
arsenic preparations may contain arsenic for weeks, and that arsenic 
is sometimes found in the hair and muscles of su(;h persons, as well 
as beiiig eliminated with their ffleces.^ 

In the examination of exhumed bodies the fact should be borne 
in mind that the soil of cemeteries frecjucntly (sontains api)reciable 
quantities of arsenic. The arsenic in soil (*.annot be dissolved by 
pure water, but it is converted into soluble compounds by mould 
fungi, as also by alkaline water, and especially by putrefying liquids. 
Tho/orce of the conclusions to be drawn from the detection of arsenic 
in an exhumed body is, therefore, considerably affected if, after de- 
struction of the coffin, earth containing arsenic had come in direct 
contact with the, decaying parts of the dead body (G. Popp 3). Ac- 
cording to H. Liihrig tests should be made in such cases to see whether 
other bodies (not open to suspicion) from the same cemetery are, 
sunder th^^.same conditions, free from arsenic. 

^ Hodlmoscr, Zeitsch. phymol. Chem.,33, 319 (1901). K. Czerny, Ibid., 34 , 
408 (1902). M. Dennstedt, Ber., 44 , 10 (1911). J. Krattor, Betlrage znr Lehre 
von den Vergiftungen, 1906, p. 13. W. H. Bloomendal, Arch, d. Pharm., 246 , 
613 (1908). 

“ A. Valenti, Chem. ,^enir., 1912, I., 2049. Frenkel-Heiden and E. Navas- 
eart. Ibid., 1913, III., 788. 

* ZeiUich. Unters. Nahr- Oenvss., *l4i, 38. Cf, also F. Krattcr, Wiener klin 
WochensJir., 1896, No 47. 
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Deductions from the results obtai^ied from the examination of 
the remains of cremated bodies should be made with caution. In 
itself the detection of arsenic poisoning in such remain^ is quite 
possible, since, as was found by C. Mai and 11. llurt,i any arsenic 
administered remains as arsenate in the ash of the bones when cal- 
cined. In such cases, however, large pieces of bone, still iviact, 
would have to be used for the detection of arsenic, and should be 
cleansed from foreign matter by scraping them with ])iece8 of glass, 
since, in contrast to them, the pulveruktd portions of the ash of the 
body may contain arsenic originating from the iron nails or screws 
of the coffin. Plven the detection of arsenic in large pieces of bone 
cannot be considered proof of ar.senic [)oisoning if tlic body was 
crejnated in a zinc coffin, because the latter i.s also partly burned, 
so that zinc oxide containing arsenic may possibly come in contact 
with the bones, from which it cannot be removed or only with 
difficulty (see Mai -). 

It is essential for the chemist to know which portions of the body 
submitted to him are of the most importam^e in the examination for 
arsenic. According to E. Ludwig,^ ar.senic may be much more 
easily detected in bones, in the case of both acute and chronic arsenic 
poisoning, although only ab.sorbed by them in small quantity. It is 
found in larger quantity in the organs, especially in the liver, and 
next in the kidneys ; the deposit of arsenic in tiie brain and muscles 
is considerably less. The liver — ^and possibl}' also tlie kidn(*ys — 
are, therefore, the most suitable objects for examination for the 
forensic chemist, whilst the stomach and intestines arc almost 
useless if death does not take place until several days after the pf)i8on 
has impregnated the body. In the ca.se ot chronic doses of arsenic 
(arsenic treatment), the arsenic accuniulatos to a large extent in the 
nails, hair, and skin. Arsenic is therefore not infrequently found in 
the hair, even when it cannot be detected in other organs ; this is 
because many of our daily foods contain ar.senic.^ 

If there is a suspicion that a post-mortem introduction oi poison 
has taken place, it should be noted that, according to F. Strassmann 
and A. Kir8tein,^in such cases, if the poison was introduced into the ^ 
stomach, the arsenic is found* in greater quantity in the left kidney, 
whilst the right kidney is free from arsenic, or has only absorbed 

^ Zeilsch angew, ('hem., VI, 1601. 

2 Zeitseh. anal. Chem., 43, Oil. 

» Ibid., 20 608. • 

* W. H. Bloemt'iflal, Arch. d. PJpirm., 246, 604 (1908). 

» Zeitseh. mnal. Chem., 82, 018^ 36, 347. * 
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traces thereof. In such cas^, therefore, the chemist should make a 
separate examination of each kidney, the result of which is strength- 
ened by*a separate examination of the left and right lung, as also of 
the left and right sections of the liver. When there is reason to 
suppose that the poison has been introduced into the body elsewhere 
than the stomach, those organs in proximity to such parts and 
those at a distance from them should be examined separately. 

Needless to say, only vessels and reagents must be used for the 
examinations described below which have been proved by careful 
choice and testing to be free from arsenic compounds, and, in fact, 
free from heavy metal compounds and all impurities. The chemist 
who is constantly occupied with forensic poisoning tests would be 
well advised to devote a separate part of his laboratory solely to these 
examinations, and to furnish it with separate apparatus and reagents. 
The vessels in which the necessary tested reagents are kept should 
be labelled in different writing or in a different colour, e.g. red, from 
the stock vessels in the remainder of the laboratory. 

The first process described is practically the one which R. Fre- 
senius worked out so far back as 1844 in association with L. von 
Babo.i He used it frequently himself, and saw it used under his 
own supervision, and it always proved trustworthy. We also have . 
had the same ex[)erience with it, and its accuracy and sensitiveness 
have been confirmed and admitted in other directions. In forensic 
cases it has the great advantage over Marsh’s method, that it leaves 
the way clear for a test for all metallic poisons without other treat- 
ment, which is not the case with that method. 

The process requires the following reagents and other chemicals, 
which can now be more readily obtained free from arsenic than was 
formerly the case, but for the ])re])aration and purification of which 
the necessary instructions are nevertheless given here. 

1. Hydrochloric acid of sp. gr. I'lO to 1‘12. To prepare it from 
the commercial hydrochloric acid containing arsenic, the latter, 
which should have a sp.gr. of at least 11 7, is treated with a con- 
centrated solution of stannous chloride in the same hydrochloric 
acid, an4 in such quantity that after 24 hours a portion of the 
mixture, when treated with mercuric chloride solution, still gives a 
white precipitate, showing that stannous chloride is present in excess. 
The brown precipitate, containing all the arsenic and a little tin 
(Sec. 89, 15), is allowed to subside, the acid separated from the 
precipitate by decantation, and, if necessary, by filtration through 
^ Liebig's Ann. d. Chem., 49, 308. • 
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an ^bestos filter, introduced into a lytort, treated with a suifioient 
quantity (1 to 5 per cent.) of sodium chloride free from arsenic (if 
crude acid containing sulphuric acid was originally used), and dis- 
tilled into a receiver without attachment containing 60 parts of water 
to every 100 parts of hydrochloric acid used, the distillation being 
continued until nearly all the acid has passed over. Or hydrochloric 
acid as concentrated as possible (of sp. gr. TIT to 119) is distilled 
with ferrous chloride. The first 30 per cent, of the distillate col- 
lected contains arsenic, whilst the following CO per cent, is free from 
arsenic, and has the required strength (II. Beckiirts ^). Finally, 
hydrochloric acid free from arsenic; may be prepared by distilling 
sodium chloride with sulphuric acid, both of which have previously 
been completely freed from ar.seiiic by the metliods described below 
(Nos. 5 to 10). The following methods are suitable for testing 
hydrochloric acid for traces of arsenic, (a) One litre of the acid is 
heated with a little jnire ferrous chloride in a distillation apparatus, 
and the first ."lO c.c. collected tested by means of arsenic-free zinc, to 
determine whether, when tested by the methods described in Sec, 
92, 9, e and/, it is free from arsenic, also whether it leaves any trace 
of an arsenic dej)osit in the glass tube of the apparatus described in 
Sec. 89, 12, even when the test is continued for a long time. (6) One 
litre of the acid is evaporated to a sinall residue (after the addition 
of sufficient water to reduce the specific gravity to at most ri04, and 
of a few granules of pure potassium chlorate) in a basin of pure porce- 
lain, a little water being added from time to time, and the residue 
then tested in Marsh’s apparatus as described in (u).^ 

The ferrous chloride for use in the test (a) is prepared by dis- 
solving iron wire in hydrochloric acid of sp, gr. TIO to ri2, the 
solution being continuously heated in a small distillation apparatus. 
When no more arsenic can be detected in the distillate, the remainder 
of the solution is free from arsenic. 

2. Potassium chlorate. The commercial product is ])urified, if 
necessary, by repeated re-crystallisation, one jmrt being dissolved 
each time in twice its quantity of boiling water, or treated in the 
manner described in No, 10. To test it, a fairly large, quantity ii^ 
finally re-dissolved in twice its weight of boiling water, and allowed 
to crystallise, being stirred from time to time. When completely 
cold, the crystals are separf^ted by means of a Witt filter plate, 
the resulting mother liquor decomposed by heating it with dilute 

^ Zeitsch. amil. Chem., 24, 48.3. • 

^ R. Otto, Ankitung zur Ausmittelung der Oif&, 7tb ed., p. 163 (^896). 
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hydrochloric acid free from , arsenic, and lastly one portion tested 
for the ions of heavy metals in general, by treatment with hydrogen 
sulphide and ammonium sulphide, and another portion evaporated 
to a small residue, with the occasional addition of a little water, this 
residue left on the water bath until the odour of chlorine disappears, 
and its solution tested in Marsh’s apparatus. 

3. Hydrogen sulphide. The gas produced by the action of 
hydrochloric acid or sulphuric acid on iron sulphide often contains 
a little hydrogen arsenide, owing to the presence of arsenic in the 
original substance, and consequently, in forensic examinations, should 
not be used or at least only after being previously purified. For 
the latter purpose, a process devised by 0. Jacobsen ^ is the most ' 
suitable ; it dejjcnds on the convcr-sion of hydrogen arsenide, by 
means of iodine at the ordinary temperature, into arsenious iodide : 

Asl I 3 -{" 3 1 2 ^ 

whilst hydrogen sulphide does not act upon solid iodine. The 
hydrogen sulphide is conducted through a U-tube about 17 cm. 
high and 15 mm. wide, in which coarsely ground air-dried iodine is 
loosely packed in layers between glass wool. A calcium chloride 
cylinder is placed in front of the iodine tube and a washing flask 
with water behind it . 2 The preparation of gas from substances free 
/rom«r.sr///c, including alkaline earth sulphides, is safer than purifying 
it. According to Kosmann's communication, Kivot used barium 
chloride 50 years ago ; R. Otto ^ recommends calcium sul}>hido. 
Ho gives the following directions for its preparation and the 
evolution of gas from it, and we have found them satisfactory. 
Seven parts of calcined gyp.sum, three parts of j)owdered charcoal, 
and one part of rye meal are mixed to a stiff paste, and this made 
into balls or rolls, and completely dried and ignited at a bright 
red heat. The balls are placed in a Woulfe flask, one tubulure of 
which is fitted with a dropping funnel provided with a taj), whilst 
an outlet tube for the gas is attached to the other. If pure hydro- 
chloric acid is allowed to drip from the funnel on to the calcium 

* Zrihch. amtl. Chew., 29, 737 ; cf. also O. Brunn, Cheni. ZerUr., 1888, 

^ 1376 ; H. Skraup, Zettsch. anal. Chem., Z7, 322. 

* Other motliodB of purification de])cnd on the combination of hydrogen 
sulphide with magnesia to form magnesium hydrogen sulphide, from the 
solution of which a gas free from ar-senic i.s obtained on heating (Divers and 
Shimidzu, Zeitsch. anal. Chem., 24. 243). o. on passing the gas over potassium 
sulphide heated to 3.50° (O. v. d. Pfordton, Ber., 17, 2897), or on washing the 
gas by means of a system of flasks containing hydrochloric acid of various con- 
centrations (W. Lenz, ZeUsch. anal. Chem., 393). 

* Anleiiung zur Ausmiitelung der Gifte, 7th ed., p. 176 (1896). 
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chloride (treated with water), a fairly 8(^ady current of pure hydrogen 
sulphide will be evolved, especially if the vessel is sufficiently shaken. 
In the particularly suitable method devised by R. Fresenius ^ four 
parts of the calcium sulphide, obtained as described above, are 
mixed with one part of calcined gypsum and the requisite quantity 
of water to a thick paste, this laid on square flat paper capsules, the 
hardened but still moist mass taken out, and the slabs, which are about 
15 ram. thick, cut into cubes and dried at a gentle heat. These are 
then decomposed in a Kipp’s apparatus with pure hydrochloric acid.2 
To test the hydrogen sulphide, it is introduced in sufficient quantity 
into hot pure nitric; acid, the latter evaporated, subsequently with 
the addition of pure sulphuric acid, and the residue tested in Marsh’s 
apparatus (Zd. Skraup). 

4. Red fuming nitric acid. This may be prepared by distillation 
of sodium nitrate with sulphuric acid, both of which have previously 
been completely freed from arsenic by the method given below. 
For the purpose of the test, a fairly large portion is evaporated as 
completely as {ws.sible in a porcelain dish, on the water bath, with 
a few c.c. of sulphuric acid free from arsenic and the residue heated 
on a sand bath until sulphuric acid vapours begin to be evolved. 
When cold, it is taken up with water and the aqueous solution tested, 
on the one hand, with hydrogen sulphide and ammonium sulphide, 
and, on the other, in Marsh’s apparatus. 

5. CoThcenlrated sul])huric acid. According to Lockemann,8 
purification is best based on the behaviour of hydrogen chloride with 
arsenious and arsenic acids, which may be expressed by the following 
formula ; — 

H3A8O3+3HCI A8CI3+3H2O 
H3A804-f5HCl 5 AsClg-f 4H2O+CI2 

If the products of reaction shown on the right are allow^ to 
volatilise, and fresh hydrogen chloride repeatedly added, all the 
arsenic must finally be expelled. Hydrogen chloride ip then con- 
tinually introduced into sulphuric acid heated to ibout 250° in a 
porcelain vessel, which is meanwhile rotated (mercury seal) ; the gas 
3volved gradually carries off all the arsenic, and is absorbed in water. 
The test is made, after dilution with water, in Marsh’s a]^aratus, 
pure zinc being used. 

1 Zeitach. anal. Chem., 26, 339 (1887). 

* With regard to other methods for obtaining hydrogen sulphide free from 
ur8enic,c/. Zeitach. anal. Chem., 28, 280i:; 0. v. d. Pfordten, Ber., 17, 2808; 
W. Hampe, Zeitsch. anal. Chem., 81, 557 ;,.J. R. Michler,^6*(i.,87,322 ; 41,370. 

• Verhandl. d. Oee. Deukch, Naturf. Argle, 79. Vers, lu Dresden, 1907, 11, 

1,145. . " . 
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6 . Zinc. According to 5 - Otto,i puj© zinc free from arsenic 
can, generally speaking, only be prepared from pure zinc oxide free 
from arsenic ; it must, therefore, be bought and carefully tested. 
For this purpose the whole quantity is fused in one operation and 
granulated. If, on testing, part of the quantity is found to be pure, 
the whole may be considered pure. The absence of arsenic is de- 
termined by means of Marsh’s apparatus, a not too small quantity 
flip to 50 grm.) being completely dissolved in sulphuric acid free 
from arsenic. The zinc must not only be free from arsenic, but also 
absolutely free from metal sulphides, since otherwise in Marsh’s test, a 
yellow mirror of arsenious sulf)hide may be formed instead of a 
dark arsenic mirror. 

7. Sodium carbonate. An absolutely pure salt is best obtained 
from sodium hydrogen carbonate. The latter is first placed in a 
funnel loosely packed with cotton wool, or in a small porcelain dish 
covered with filter paper, treated several times with small quantities 
of cold water, dried, and finally converted into carbonate by heating 
it for half an hour at 270® to 300® on the sand bath, with continual 
stirring. It should dissolve in water to a clear solution ; the solution, 
when heated with nitric acid and ammonium molybdate solutions, 
should neither turn yellow nor give a yellow precipitate ; no j^recipi- 
tate should be formed by hydrogen sulphide in the solution acidified 
with hydrochloric acid, or by ammonium sulphide solution in the 
neutral solution. The solution of the salt, acidified with nitric acid 
free from arsenic, is tested in Marsh’s apparatus. 

8. Potassium cyanide. When continuously heated in a small 
porcelain boat in the apparatus described in Sec. 89, 17, a mixture 
of one part of the salt with three parts of sodium carbonate free from 
arsenic should not show any trace of a deposit in the glass tube. 

&. Sodium nitrate. Purification is carried out on the lines 
described in 10. It should dissolve to a clear solution in water. 
When heated with a solution of ammonium molybdate in nitric 
acid, the solution should not give a yellow precipitate ; no precipitate 
should be formed by hydrogen sulphide in the acidified solution, nor 
by ammonium sulphide solution in the neutral solution. A solution 
of the salt is evaporated on the water bath with an excess of sul- 
phuric acid free from arsenic, fresh water being continually added, 
the residue is heated on a sand bath until the first appearance of the 
vapours of sulphuric acid, cooled, taken up with water, and tested 
in Marsh’s apparatus. 

^ Anleituiuj zunA^i^tnittelnny^ der Oifte, 7th ed., p. 189 (1896). 
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10. Sodium chloride and other neutral salts, e.g. also potassium 
chlorate or sodium nitrate, may, according to G. Lockeniann.i be com- 
pletely freed from arsenic by means of the properties of adsorption 
of ferric hydroxide. 900 mgrms. Fe(0H)3 are sufficient at a tem- 
perature of 25° to remove 50 mgrms. of arsenic from almost saturated 
aqueous salt solutions, the reaction is somewhat weaker at a higher 
temperature. The respective neutral or slightly acid solution is 
treated with iron alum solution, just sufficient ammonia solution 
added in the cold to precipitate the hydroxide completely, and the 
liquid filtered after half an hour’s standing. To test the salts ob- 
tained by crystallisation from the solutions thus treated, the pro- 
cedure given in connection with sodium nitrate should be followed. 

11. Filter paper. Filter papers washed with acids should be used 
(p. 39). They are tested by placing a number of them inside each 
other in a glass funnel, the tube of which is fitted with a tap. The tap 
is closed, the funnel filled with hydrochloric acid free from arsenic, 
and, after being covered, allowed to stand for half an hour. The tap 
is then opened, the a(dd allowed to drain off, the filter washed with 
a little water, and the filtrate tested as in 1. 

12. Glass tubes. It is essential that the tubes used for the 
reduction test of R. Fresenius and von Babo (311), or for the pro- 
duction of Marsh’s arsenic mirror (320), should be of glass free from 
arsenic, since otherwise — especially when in Fresenius and von 
Babo’s test the fused mixture comes in contacit with the glass when 
it froths up or spurts — decej)tive mirrors, due to the arsenic con- 
tained in the glass, may be obtained. To test the tubes, a blank 
Fresenius and von Babo test (omitting the little boat) or Marsh test 
should be made, only reagents absolutely free from arsenic being 
used. At one time glass tubes free from arsenic were difficult to 
obtain, 2 but they can now be readily procured. 

Sec. 203. 

We now come to the actual method of procedure. The mass, 80 ( 
diluted during elutriation in the process A., is evaporated ip^a poroe- <», 
lain dish on the water bath until it is of a pasty consistency. (If 
it was acid, pure sodium carbonate should previously be added until 
it is slightly in excess.) To thv residue is added (if it was not done 

1 Verhandl. d. Oes. Deutsch. Naturf.'^Arzie, 79, N er^zu Dresden, 1907, II., 

1, 145 ; cf. also Z*>.itsck. anal. Chem., 61, 717. 

* W. Fresenius, ZnfArlt. anal. 397 (1JJ83). R. Otto. AnUitunn 

tur AustniUelung dvr (HfU, 7th ©d., p..^^ll*(1890). 
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during dialysis) two-thirds of«the cut-up stomach, intestine, etc. If 
other portions of a body are to be examined (lungs, liver, etc.) they 
should also be cut into small pieces, preferably with scissors, and 
two-thirds used for the test. As a rule — and apart from the special 
cases mencioned on p. 734 — it is advisable not to mix the various 
organs, but to examine them separately, as only then can a con- 
clusion be drawn from the quantity of arsenic found in the individual 
organs, and from the known average weight of the organs, as to the 
total quantity of arsenic present in the whole body, a point which is 
of the greatest importance for medical and legal experts. 

Should for any reason the objects under examination contain alcohol, 
it must always be removed first by evaporation on the water bath. 
The examination is divided into three sections : — 

801 « 1. Decolorisation and solution. Sufficient pure hydrochloric acid of 
sp.gr. 1*10 to 112 is added to the objects in a porcelain dish 
(the quantity of which may, as an example, be taken to be 
100 to 250 grms.) until its weight is approximately the same 
as that of the dry substance in the mixture, and further, sufficient 
water to give the whole the consistency of a thick paste. The 
hydrochloric acid added should never be more than a third of the 
whole liquid present. At the outset about 2 grms. of potassium 
chlorate i are added, and the mixture heated on the water bath. 
When the liquid has reached the same temperature as the bath, 
further quantities of 0'5 to 2 grms. of potassium chlorate are 
added at intervals of 5 to 10 minutes, with constant stirring, until 
the contents of the dish have become fairly homogeneous 
mobile, and, as a rule, pale yellow, and retain this colour on 
further heating for 15 to 30 minutes. The evaporating water 
#''hoiild be replaced from time to time. When this point has 
been reached, a little more potassium chlorate is added, and the 
dish removed from the water bath. When quite cold, the 
contents are carefully transferred (according to the quantity) 
to a linen strainer or a filter, the liquid allowed to drain off, 
and heated for a while on the water bath (the evaporating water 
beivg replaced) until the odour of .chlorine has entirely, or almost 
entirely, disappeared. The residue, which we will call I., is 
thoroughly washed with hot water, dried, distinctly marked, 
and reserved for further examination as in (313). The washings 

^ If no potassium ion is to be introduced into the mass, pure chloric acid is 
recommended instead of .^tassium' chlorate by Scunenschein and Jeserich as 
produoii7g the best results, c/. Zeitsch. ■ Cfiem., 22, 472. 
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are evaporated on the water bath to about 100 o.c., and this 
liquid, together with any precipitate formed in it, added to the 
main filtrate. 

When memtry is present, it must, under certain conditions, 
be taken into account that a portion of it will not have been 
dissolved. At least, M. T. Lecco ^ reports that in a case of 
poisoning with metallic mercur}'^ the particles which remained 
in the stomach could easily be removed, since mercury is only 
dissolved with difficulty by hydrochloric acid and potassium 
chlorate. Further, E. Ludwig ^ points out that mercuric ion 
can form mercuric sulphide with the sulj)hur of proteins, and 
that this requires a considerable quantity of potassium 
chlorate to render it soluble. For these and other reasons, 
the )’'ellow crumbly masses which are obtained on the 
destruction of organic substances by hydrochloric acid and 
potassium chlorate may, according to E. Ludwig, 3 obstinately 
retain mercury (up to 40 2>er <^ent. of that present). This 
difficulty may be overcome by decomposing the proteins of the 
object under examination by heating it for several hours with 
hydrochloric acid prior to the oxidation with potassium chlorate. 
This is not permissible, however, if a test for arsenic is to be 
made. In view of all these possibilities, portions of the mercury 
can remain in the residue I. {cf. (313)). 

R. Fresenius found after repeated tests, in which the same 
strengthof hydrochloric acid was used(l part of acid of sp.gr. 1’12 
and 2 parts of water), that the frequently expressed fear that in 
the methods described arsenic, antimony, or tin would volatilise 
was without foundalim. 

In the case of urine, treatment with hydrochloric aci^ and 
potassium chlorate is usually unnecessary. It may, as a rule, 
be subjected directly to the treatment with hydrogen sulphide 
described in (302), after acidification with hydrooffiloric acid. 

Other methods for the destructwnof organic substances have 
frequently been described. A summary of them has been 
given by B. J. Gadameii^ (cf also (284), (285), (321)).^ vj 

2. Treatment of the solution with hydrogen sulphide (separation as 
arsenic sulphide of the arsenic ion present, or separation of aU 
metallic poisons of the fifijh, a'ud sixth groups as sulphides). 

» iJfr., 24 , 5)28(1891). , 

» Chem. Ze.nlr., J892, IT., 941. 

* Zeitsch. ami. Chem., 30, 654 (1891). 

* Lehrbuch. d. chemytef-zn ToxikdUs/iet p. 141 (1909). 
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The liquid obtained i!i 1 (about four times the quantity of 
hydrochloric acid used) is placed in an Erlenmeyer flask, heated 
on the water bath at 70°, and a slow current of washed hydrogen 
sulphide passed through it for about 12 hours ; the liquid is 
allowed to cool while the introduction of the gas is continued, 
the inlet tube for the gas rinsed with a little ammonia solution, 
the ammoniacal solution obtained added to the main liquid 
after acidification, and the flask containing them covered with 
filter paper and allowed to stand in a fairly warm place (30°) 
until the odour of hydrogen sulphide has almost disappeared. 
The resulting precipitate is collected on not too large a filter, 
and washed with hydrogen sulphide water until the washings 
no longer contain chlorine ion. The filtrate and the washings 
are evaporated after renewed saturation with hydrogen sul- 
phide. If a precipitate separates, it is filtered off, washed, and 
added to the main precipitate produced bj' hydrogen sulphide. 
The filtrate, concentrated by evaporation, is treated in a flask 
of suitable size with ammonia solution until the reaction is 
alkaline, then with ammonium sulphide solution, and the almost 
full flask tightly corked, and allowed to stand for a while until 
required for testing as in (317). 

808 . 3. Purification of the precipitate produced by hydrogen sulphide. The 
precipitate obtained in 2, which, in addition to organic sub- 
stances and free sulphur, must contain all the arsenic in the form 
of arsenious sulphide, as, in fact, all the metallic poisons of the 
fifth i and sixth groups as sulphides, is thoroughly dried, with 
the filter, in a small porcelain dish heated on the water bath ; 
pure fuming nitric acid, in particular free from chlorine, is added, 
d^yop by drop, until the whole of the precipitate is moistened, 
the whole evaporated to dryness on the water bath, and, if 
necessary, this treatment with nitric acid repeated. Pure 
concentrated sulphuric acid, previously heated, is added to the 
residue until this is uniformly moistened, the mixture heated 
on the water bath for two or three hours, finally at a somewhat 
highfu?,' though always moderate temperature (170°) in an air, 
sand, or oil bath, until the carbonised mass is of a friable con- 
sistency, and until a small sample (to be added to the whole 

^ Lead sulphide and oadmium sulphide are not precipitated from I’c^ acid 
solutions. Should, for t^his reason, the load or cadmium ion have remained in 
solution, it will be found in the precipitate produced by ammonium sulphide 
solution (317). With regsi^d to merdury which was*hot precipitated, c/. (301 ) 
or (313).,. • p , 



8E0. 203 METHODS OF DETECTING ARSENIC 743 

later), mixed with water, yields, o» settling, a colourless or almost 
colourless, but not a brown, liquid. Should this not occur, but 
the residue consist of a brown oily liquid, a piece of pure, well 
washed and dried filter paper is added, and the heating con- 
tinued. The temperature may be safely raised until sulphuric 
acid vapour begins to escape ; no loss of arsenic need be feared. 

If these rules are observed, the object in view, i.e. the destruction 
of organic substances without the loss of any metal, will have 
been satisfactorily attained. The residue is heated on the 
water bath for a short time with a small quantity of a mixture 
of 8 parts of water and 1 part of hydrochloric acid, the liquid 
filtered, the residue repeatedly washed with small amounts of 
hot distilled water to which a little hydrochloric acid is added, 
the washing completed with boiling water, and the last washings 
(if necessary concentrated by evaporation on the water bath) 
added to the filtrate and the first washings. 

The washed carbonised residue, which we will call II., is dried 
and put aside, distinctly marked, for further tests as in (314). 

4. Preliminary test for arsenic and other meiallic 'poisons of the fifth 804 . 
and sixth groups {second precipitation with hydrogen sulphide). 

A small portion of the clear or at most slightly yellow liquid 
obtained in (303), which contains all the arsenic as arsenate 
ion, and may also contain the ions of tin, antimony, mercury, 
cojiper, bismuth, and cadmium, is gradually and carefully 
saturated with a mixture of ammonium carbonate solution 
and a little ammonia solution, and note taken whether a pre- 
cipitate is formed or not. When this point has been decided, 
the sample is acidified with hydrochloric acid, whereby any 
precipitate resulting from the ammonium carbonate , re-dis- 
solves, the sample returned to the main liquid, and this treated 
continuously with hydrogen sulphide exactly as described in 
(3()2), first with gentle heating and then withouf heat. Three 
different results may be obtained, which must be carefully 
distinguished. 

{a) For some, time no pv’cipitatc is formed by hydrogr,^ sulphid^^IFb* 
but on standing a slight precipitate of a white or yellowish- 
white colour is produced. In this case there are, in all 
probability, no ion^'^f the fifth and sixth groups present. 
Nevertheless, the separated and yrashed precipitate is 
treated as in (308), in order that even the smallest traces 
arsenic, etc., may be overlook^. 
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806. (6) A fure yellow precipMate of the colour of arsenic sulphide is 

formed. A small portion of the liquid is taken, together 
with the precipitate suspended in it, a little ammonium 
carbonate added, and the whole shaken for a while without 
being heated. If the precipitate dissolves readily and, except- 
ing for a trace of sulphur, completely, and if no precipitate 
was formed with ammonium sulphide when testing a sample 
in (293), then arsenic but no other metallic poison is present 
(at least no aj)preciable quantity of any other, i.e. tin or 
antimony, is present). The solution of the small sample 
in ammonium carbonate is treated with hydrochloric acid 
until the reaction is acid, the sample thus acidified returned 
to the liquid containing the main precipitate, and the 
examination continued as in (308). If, on the other hand, 
the precipitate does not dis.solve or only incompletely in 
ammonium carbonate solution, or if a precipitate is formed 
in the test with ammonium carbonate in (304), there is 
reason to assume that another metallic poison is present, 
possibly in addition to arsenic. Hydrochloric acid is also 
added to the sample in the small tube until the reaction 
is acid, the mixture returned to the liquid containing the 
main precipitate, and the examination continued as in 
(309). 

807. (c) A preeipilale of another colour is formed. It must be assumed 

that other metallic jioisons are present, possibly in addition 
to arsenic. The examination is made as in (309). 

808.5. Treatment oj the pure hydrogen sulphide precipitate, if there is 
reason to assume in (306) thai arsenic is present. Gravimetric 
^•itimation of the arsenic. As soon as the liquid treated with 
hydrogen sulphide in (304) has almost lost its odour of the gas, 
the yellow precipitate is separated on a small filter which has 
been dried ^t 100° and weighed, washed first with water, then 
with absolute alcohol, and finally with pure benzene or petroleum 
spirit, in order to remove any sulphur mixed with the arsenious 
sulpjjide. When the benzene or. petroleum spirit has been 
removed by the renewed use of absolute alcohol, the filter 
containing the precipitate (if the quantity of this is considerable) 
is dried at 100° until the weight is constant. If, on the other 
hand, the precipitate is very alight, it is freed from any sulphur, 
washed with water, and dissolved in emmonia solution, the 
filt'ir (on which,' in this oasq nothing insoluble can have 
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remained) is thoroughly washed \^th dilute ammonia solution, 
the amraoniacal liquid evaporated in a small, carefully-weighed 
porcelain crucible on the water bath, and the residue dried 
at 100° until it no longer loses weight, and then weighed. If, 
after reduction as in (311), it was evident that the former pre- 
cipitate or this residue consisted of perfectly pure arsenious 
sulphide, each part of it corresponds to O' 8042 part of arsenic 
trioxide or O' 6092 part of arsenic. The treatment of the pre- 
cipitate, or of the residue in the crucible, is then continued as 

(311)- ^ 

6. Treatment of the pure hydrogen sulphide prccipitaie, if there is 809 
reason to assume in (306) or (307) that another metallic poison — 
possibly in addition to arsenic — is present,. Separation of the 
metals from each other. Gravimetric cstimahon of ih^ arsenic. 

If there is reason to assume that other metals are present — 
possibly in addition to arsenic — in the liquid treated in (304), 
the precipitate is filtered off (as soon as the precij)itation with 
hydrogen sulphide is quite complete and the odour of the gas 
has almost disappeared) on to a small hardened filter, thoroughly 
washed, the point of the filter pierced, stkI the precipitate washed 
by means of a jet with as little water as possible into a small 
flask placed beneath it. The liquid in wliich it is suspended is 
treated first with ammonia solution and then with ammonium 
sulphide solution,^ digested for a while at a gentle heat, then 
filtered from any insoluble precipitate which is left. The 
precipitate, which we will call III., is washed off the perforated 
filter with a jet of water and put on one side, carefully marked, 
for further examination as in (315), The solution or the filtrate 
is evaporated to dryness, together with the washings, in ai^small 
porcelain dish. The residue is treated with a little pure fuming 
nitric acid (free from chlorine), the acid almost completely 
evaporated, and, as was originally recommended *by C. Meyer, 
a solution of pure sodium carbonate added in small quantities 
until it is in excess. Next a mixture of 1 part of sodium 

^ If the precipitate contained a little of the latter generally^ 
dissolved by the ammonium sulphide ; this is, of course, taken into considera- 
tion in (310), If copper is to be cxcIudo<l in this case, a solution of sodium 
hydrogen sulphide (prepared from eo<lium hydroxide solution free from arsenic, 
and hydrogen sulphide also frofM^^iom arsenic) is used instead of ammouiiun 
sulphide solution. If preferred, the ^Iphides (of ar^mic, antimony, and tin) 
which have been dissolved are re-precipitated from the filtered solution by 
moans of dilute hydrochlmic acid, collected on a filter, wash^ with hydrogen 
sulphide Avater, and re-dissolved ^n <xmAonium sulphide solution (R. ®ttok 
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carbonate and 2 parts df sodium nitrate is added in sufiScient 
but not excessive quantity, the whole evaporated to dryness, 
and the residue heated very gradually in a porcelain crucible 
until the mass, which at first becomes brown and then black, 
becomes colourless. If cupric sulphide was dissolved by 
the ammonium sulphide solution, the fused mass remains grey 
to black. 

310. When cool, the fused mass is extracted with cold water. If 

a residue remains, it is filtered off (we will call it IV.), washed 
with a mixture of equal parts of alcohol and water, and reserved 
for further examination as in ^316). The solution, in which all 
the arsenic should be contained as arsenate ion,i jg niixed with 
the washing liquid (concentrated by evaporation and freed from 
alcohol), the mixture gradually and carefully acidified with pure 
dilute sulphuric acid, evaporated in a small porcelain dish, the 
highly concentrated liquid tested by the further addition of 
sulphuric acid, to see whether the quantity of the latter was 
sufficient to expel all the nitric and nitrous acid, and finally 
carefully heated until heavy vapours of sulphuric acid begin to 
escape. To the cooled residue 5 to 10 c.c. of a solution of sulphur 
dioxide in water is added, in order to reduce the arsenate ion to 
arsenite ion, the mixture heated on the water bath until the 
excess of sulphur dioxide has esca 2 )ed, diluted with a little 
water, the solution poured into a small narrow flask, and, while 
it is being heated at 70°, a slow current of washed hydrogen 
sulphide introduced for about six hours ; finally it is allowed to 
cool, the introduction of the gas being continued meanwhile. 
It arsenite ion is present, a yellow precipitate is formed. This 
r filtered off as soon as it has completely subsided, and the 
liquid has almost lost its odour of hydrogen sulphide, washed 
as described in (308), and its weight determined by means of 
one of tfie methods also described there. 

811. 7. Reduction of the arsenious sulfhide. The greate t care must be 
taken in the preparation of elementary arsenic from arsenious 
sulphide, since it should be the final proof of the presence of 
arsenic. The best and most certain method to use is that 
recommended in Sec. 89, 17, i,e. to fuse the arsenic compound, 

* If the substance under examinatipn should contain a thalliurn compound, 
all the arsenic would K'ot bo present in this solution, since it would have 
been only incompletely dissolved op treatment o^.the orange-coloured solid 
solution of thallous sulphide in arsenmus sulphide with ammonium sulphide 
(c/.(316l). ^ ' . 
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mixed with potassium cyanide Bnd sodium carbonate, in a 
small porcelain boat in a slow current of carbon dioxide. This 
process is especially suitable in forensic cases, since, apart from 
the advantage of greater accuracy, it offers a guarantee against 
any confusion of arsenic with another substance (especially 
antimony). Great care should be taken that the whole appara- 
tus is filled with carbon dioxide, that the contents of the little 
boat are thoroughly dried, and do not spirt even when heated, 
and that the current of gas is of the right strength before 
heating. Direct heating of the mixture of potassium cyanide, 
sodium carbonate, and the substance to be examined for arsenic 
in a glass tube, without the use of the little boat, is only per- 
missible when in another part of the same tube a fusion test 
with potassium cyanide and sodium carbonate in a slow current 
of carbon dioxide has yielded no trace of an arsenic deposit 
{cf. pp. 351 and 739). Apparatus for the evolution of carbon 
dioxide in which the current of carbon dioxide cannot be 
regulated must not be used for this important test. 

For the purpose of reduction, the arsenious sulphide obtained 
may be used directly. If it could be collected on a weighed 
filter, only a small j)ortion is used, so that the reduction may, 
if necessary, be rejjeated. If, on the other hand, the 2 >recipitato 
of arsenious sulphide was so small that it had to be removed 
from the filter by means of ammonia solution, the residue 
obtained from the evaporation of the ammoniacaJ solution is 
re-dissolved in a little ammonia solution, 0 02 to 0 04 grm. of 
])owdered anhydrous sodium carbonate ^ added, the whole 
evaporated to dryness on the water bath, with constant stirring, 
and small portions of this mass used for the reduction.^ e 

When this operation has been completed the reduction tube 812* 
(Fig. 52) is cut off between the constricted i)art and the place 
where the boat stood ; the front part (containing the arsenic 
mirror) is put aside, whilst the boat is covered with water, the 
solution filtered when the saline mass has separated, and the 
latter treated with hydrcfchloric acid until it is acid T -hydrogen 
sulphide is now introduced, and a note taken if a precipitate is 
formed. If the arsenious sulphide has been reduced as such, 

^ Blomqvist prefers sodium hydrogen carbonate, because in its presence the 
residue may be removed more readily from the crucible^ 

• A distinctly perceptive mirr6r may be obtained even from a quantity of 
arsenious sulphide corresponding to 0*01 ifig. of arse’-ic trioxide (W. Fresenius, 
Zeitech. anal, Chem., 20, 531). • • * * 
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a quite slight yellow precipitate of arsenious sulphide may be 
formed ; i if traces of antimonite ion had been present in the 
solution of the fused mass in water, the precipitate would have 
been orange-coloured and insoluble in ammonium carbonate 
solution. When all the soluble salts have been extracted from 
the fused mass, any metallic residue which may have been left 
is examined for traces of tin and antimony (for only traces of 
these two metals can be present if the procedure described was 
exactly followed). If such traces are at all considerable, a 



Fio. 62. 

corresponding correction must be made in the gravimetric 
estimation of the arsenic. 

8 . Examinaf.ion of the reserved residues for other metallic 'poisons of the 
second, fifth, and sixth qrouj)s. 

813. (^) Residue I. (cf (301)). 

This may contain, in particular, silver chloride, mercury,^ 
mercuric sulphide,*^ mercuric albuminate, 2 and lead sulphate, 
possibly also lead chloride, bismuthyl chloride, metastannic 
acid, and barium sulphate. 

To determine first whether the residue contains mercury 
or its compounds, a portion of it is well mixed and thoroughly 
dried, treated with red fuming nitric acid, heated with it for 
some time, evaporated to a small residue, this residue 
treated with water to which a little nitric acid has been 
added, and the liquid allowed to cool, filtered, diluted, and 
treated with hydrogen sulphide. If a black precipitate is 
obtained, it is filtered ofi and tested according to (133) to 
see whether it is mercuric sulphide or whether it contains 
mercuric sulphide, possibly in addition to bismuth or lead 
sulphide. If mercury is present, the whole of the residue 
^ijiust be treated in the same \Yay as the sample, if the metals 
are to be determined quantitatively. In that case, bismuth 
and lead, if found, must also be determined in the solution 
obtained by heating the mojcuric sulphide with nitric acid. 

' III the reduction a quantity of arsenious sulphide corresponding to 
1 mgrin. of arsenic trioxide, W. Fresenius did not pbtain any perceptible pre- 
cipitate in the solution of «tho residue {Zeitsch. anal. Uhem., 20, 633). 

• r/. footnote on p. 742, » 
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The residue, free or freed^from mercury, is calcined in 
a porcelain dish, the carbon burned with the aid of a little 
ammonium nitrate, the residue completely extracted with 
water, and the insoluble portion dried and fused with 
sodium carbonate and potassium cyanide in a porcelain 
crucible. When cold, the mass is taken up with water, 
the residue treated with dilute acetic acid in order to extract 
any barium carbonate formed, the insoluble residue, which 
generally remains, heated with nitric acid, and the nitric 
acid solution examined as in (100) ; any residue, insoluble 
in nitric acid, which is left is tested according to Sec. 179. 

The aqueous extract of the mass fused with potassium 
cyanide is acidified with nitric acid. 1 f a turbidity occurs, it 
is allowed to subside, the deposit filtered off and tested for 
silver i as in Sec. 70, 13, since traces of silver may have 
dissolved in the solution containing potassium cyanide. 

A portion of the acetic acid solution obtained is treated 
with hydrogen sulphide, in order that traces of lead may not 
be overlooked, and the remainder (or the liquid filtered 
from any separated lead sulphide) tested for barium ion 
by means of calcium sulphate. 

(6) Residue II. (cf. (303)). 814f. 

The carbonised residue obtained in the purification of the 
crude hydrogen sulphide precipitate by means of nitric 
and sulphuric acids, which may in particular contain 
compounds of lead, 2 mercury, ^ and tin, also of bismuth 
and antimony, and barium sulphate, is gently and con- 
tinuously heated with aqua regia. After filtration, the 
residue is washed with water to which a little hydrochloric 
acid has first been added. The filtrate, diluted witli the 

1 With regard to special mctliods for the detection of sdve^in animal sub- 
stances, see Nickles, Zeitsch. anal. Chem., 2 , 144 (1863) ;V. Lehmann, Ibid., 

21 , 470 (1882). 

* With regard to special methods for the detection of lead in animal sub- 
stances, cf. A. Gusserow, Zeitsch. anal. Chem., 1 , 120 (1862); V. Lehmann, 

Ibid., 21 , 470 (1882). • * 

• With regard to special methods for the detection of mercury in animal 
substances, cf. L. Biederer, Zeitsch. anal. Chem., 7, 617 ; Mayen 9 on and Bergeret, 

Ibid., 13 ., 103 ; E. Ludwig, Ibid., 17 , 396 ; 20 , 476 ; and 80 , 664 ; A. Mayer, Ibid,, 

17 , 402 ; P. Furbringer, Rid., il,! 0 ; V. Lehmann, Ibid., 21 , 470; and 23 , 109 ; 
H.’Paschkis, Ibid., 22 , 296 ; Won aniUNega, Ibid., 26 , 116 ; Merget, Ibid,, 29 , 

113 ; E. Ludwig and E. Zillner, Ibid., 30, 268 ; Alt, ^hem. Zentr., 1887, 1573 ; 
BrugnateUi, Ibid., 1889, 614 ; D. Vitali, Zeitsch, anal. Chem., 86, 212 ; M. T. 

Lecoo, Ibid., 49 , 283 ; P. A. Raa8chpu,J6td., 49 , 172. 

• * 
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washings, is treatejJ with hydrogen sulphide, and any 
precipitate formed examined as in Sec. IQQ et seq. ; the 
residue insoluble in aqua regia is calcined, the ash fused 
with sodium carbonate and potassium cyanide, and the 
fused mass tested as in (313). 

If lead is found in foods, it should be noted that water 
supplies may sometimes contain lead.^ 

816 . (c) Residue III. [cf. (309)). 

The precipitate insoluble in ammonium sulphide solution 
must be tested for the metallic poisons of the fifth group, 
as in Sec. 168. If a sample of the precipitate, examined 
spectroscopically, showed the thallium line, the precipitate 
should also be examined for arsenic (310) ; in that case, 
arsenate ion dissolves when the precipitate is heated with 
nitric acid, and may be precipitated by means of ammonium 
molybdate (Sec. 90, 9). 

If copper is found in the remains of food and in cadaveric 
remains, the conclusion should not be drawn without 
further proof that "poisoning has taken place. The presence 
of copper in the objects under examination may frequently 
be due to the fact that it is a natural constituent of corn 
and bread, of vegetables and other plants, and also of the 
lower animals, and of the organs of warm-blooded animals 
and human beings. The liver especially contains as a rule 
a comparatively large quantity of copper ; in adults it 
contains 3 to 18 mgrms. of copper in one kgrm., and the 
liver of a foetus and that of a new-born child contains still 
more ; the quantities may be considerably higher, if it is 
present in foods, owing to the use of copper utensils or to 
the intentional addition of copper salts, e.g. in preserving 
vegetables or in the preparation of bread. ^ 

816 . (d) Residue IV. {cf. (310)). 

This may contain tin and antimony, and also a little 
copper. It is treated as in (123). 

817 . 9. Examination of the ammonium sul'phide precipitate for m^allic 

poisdfis of the fourth and third groups, especially for zino, chromium, 

* Th. Paul, W. Ohlrniiller, R. Heisc, and Fr. Auerbach, Zcitsch. anal. Ckem., 
46 , 66 (1907). 

* With regard to the presence and specific detection of copper in animal 
substances, cf. Ulex, ZeiCich. anal. Chem., 6, 2(i0, and 21, 480 ; H. Lessen, Ibid., 
6, 261 ; K. B. Tx*hinann, Ibid., 36, R,} (1897) ; Ij. TtalUe and J. J. van Bkjk, 
Arch, d, Fltarm., 251, 60 (l'^13). 
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and thaUium.^ The liquid filtered from the hydrogen sulphide^ 
precipitate in (302) has already been treated with ammonium 
sulphide solution. In this process a precipitate is, as a rule, 
formed, which consists of ferrous sulphide and calcium phosphate, 
in addition to organic compounds, but can also contain the 
other metal ions of the third and fourth groups, especially also 
' zinc sulphide, thallous sulphide, and chromic hydroxide, and 
•further — if the precipitation with hydrogen sulphide was made 
in too acid a solution — lead sulphide and cadmium sulj)hide. 
The liquid is filtered (a funnel provided with a glass tap being 
used), and the filtrate examined as in (318) ; the precipitate is 
washed with water containing ammonium sulphide, the tap of 
fJie funnel closed, the precipitate treated with a mixture of 1 part 
of hydrochloiic acid and 4 to 5 parts of hydrogen sulphide water, 
and allowed to stand for some time. After the liquid has been 
allowed to drain off, the treatment with hydrogen sulphide 
water, containing hydrochloric acid, of any residue left on the 
filter is, if necessary, repeated. If the conclusion is drawn that 
metallic poisons of the fifth group may be present here, the 
liquid drained off is sufficiently diluted, hydrogen sulphide 
introduced into it, any ])rccipitate formed filtered on to the 
filter containing the residue, and washed, and the (jontents of 
the filter tested for lead, cadmium, nickel, and cobalt. For this 
purpose it is dissolved by heating it with dilute nitric acid, and 
any lead ion present separated by evaporation with excess of 
dilute sulphuric acid. The filtrate is next tested by means of 
hydrogen sulphide, after the addition of a little hydrochloric 
acid, for any cadmium ion that may be present, and finally any 
nickel or cobalt ion jjresent is separated by means of ammonium 
sulphide solution. The acid filtrate, free from nickel, (!^balt, 
lead, and cadmium ion, is treated with ammonia solution until 
alkaline, and then with yellow ammonium sulphid^ solution and 
allowed to stand for 24 hours in a warm place.* If a precipitate 
is formed, it is filtered off and washed with water containing 
ammonium sulphide. It is then dissolved in dilute hydrochloric 
acid, heated until the hydrogen sulphide has escaped, filtered, 
and potassium iodide solution added to a portion of it. If a 
■ pale yellow precipitate of thallous iodide is obtained, the whole 

* With regard to the poi.sonous properties of thalHum, c/. Ijimv, J. prakt. 
Chem., 91, 366. For the detection of thallium in forensic eases by means of 
electrolysis, rf Marm6, ZeitArh. anal. Che'Jh., 0, 503. * 

. • • 
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of the solution must be treated with potassium iodide. The 
precipitate is then spectroscopically examined for thallium. 
The solution, which will now contain little if any thallium ion, 
is evaporated to a small residue, after the addition of a little 
nitric acid, and this residue tested for zinc and chromium ions 
as in (143) to (146). 

According to L. van Italic and J. J. van Eck,^ zinc is a normal 
constituent of the human liver ; they found 18 to 87 mgrms. of 
it in 1 kgrm. in the liver of adults. Zinc can also occur in foods 
without having been added with criminal intent. In particular, 
dried ap})Ie rings at one time often contained zinc. 2 Finally, 
zinc ion is occasionally found in drinking water, into which it 
has cither been absorbed from the soil or in which it is present 
owing to the action of the water on zinc supply pipes. 3 
818. 10. Examination of the filtrate from the ammonium snljihide precipitate. 

I’he liquid filtered from the ammonium sulphide precipitate in 
(317) may still contain part of, and possibly all, the chromium 
present, because chromic ion is not completely precipitated by 
ammonia and ammonium sulphide from a solution containing 
organic substances ; it may also contain barium ion, for when a 
soluble barium salt is present, the residue I. only contains a 
quantity of barium corresponding to the sulphate ion present 
in the mass, or formed on treating the mass with hydrochloric 
acid and potassium chlorate ; and the precipitate formed by 
hydrogen sulphide will only contain as much barium as could 
be precipitated by the sulphate ion resulting from the action 
of air on the hydrogen sulphide. Finally, it should be re- 
membered also to take the zinc ion into consideration here, 
since its precipitation by means of ammonium sulphide may have 
been influenced by the products of decomposition of the organic 
substances. In order to detect chromic and barium ion, and 
also to test for zinc ion, the liquid should be evaporated, with 
the addition of a sufficient quantity of dilute sulphuric acid, 
until sulphuric acid vapours escape freely. When cold, the 
residue should be diluted the liquid filtered, and the residue 

1 Arch. d. Pharm., 251, 50 (1913). 

■ R. Hefelmann, Ztiisch. anal. Chem., 36, 104 (1896) ; K. B. Lehmann, L. 
Janke, P. Kulisoh, C. Anithor, A. Reissmanr, P. Soltsien, 38, 723. 

• G. Wolffhiigel, Arbcitcn am dem Kaia. Qesundheitsamte, 2, 180 (1887); 
F. Schwarz, Zeitach. Uniera. Nahr. Oenitaa., 14-, 482 (1907); R. F. Weinland, 
Ibid., 19, 362 (1910); K. B. Lehmann, J. Oaabelmcht. Waaaervera,, 60, 717 
(1013). I 
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washed and the separated sulphul*yolatilised. Should a residue 
be left, it should be tested for barium sulphate (208). The 
sulphuric acid filtrate is neutralised with sodium carbonate, 
evaporated to dryness, and the residue (consisting mainly of 
potassium sulphate) ignited to remove the ammonium sulphate, 
and then fused with sodium carbonate and potassium chlorate ; 
the aqueous solution of the fused mass is tested for chromate 
ion, and any residue which may have been left tested for zinc. 

11. Tests for the state of combination of metallic poisons found. If819« 
arsenic was found in (311), or ions of a metal open to suspicion 
were detected in the examination of the residues I., II., III., IV., 
or of the ammonium sulphide precipitate and the liquid which 
was filtered from it, tests must be made to determine the state 
of combination in which the metal was present in the original 
substance. The solution of this question is always of importance, 
but decisively so in the case of metals which are poisonous in 
one state of combination but harmless iji another. This is, for 
instance, the case with barium, which is poisonous as barium 
chloride or carbonate, but harmless as barium sulphate ; or 
with chromium, which is exceedingly poisonous in the form of 
chromates and dichromates, but only slightly so in that of 
chromic compounds. 

As a rule dialysis affords a suitable means of solving this 
question. If, therefore, it was not employed between the 
processes A., Sec. 200, and C., Sec. 202, the reserved third of the 
substance should be treated according to Sec. 201, in order to 
obtain suitable solutions for the determination of the state of 
combination of any suspicious metal found. The colour of the 
material under examination frequently affords an indication of 
the stale of combination of chromium compounds. If it is yellow 
to orange-red, the chromium compound wa^ introduced as 
chromate or dichromate. If the substance is greenish, however, 
it is not a proof that chromic salt was used for poisoning — it 
may more probably be due to a reduction of chromates — it is, 
therefore, not possible in this case to form a definite coijylusion.^ 
Soluble chromates cannot be extracted unaltered from poisoned 
sausage or minced meat ; if such meat is introduced into a 
dilute solution of potassiuiff chromate, the lalfler is decolorised, 
the salt forming a combination' with the me-^t.^ 

^ J. Gadamer, Lehrh. if. chem. Toxikolitgie, J900, p. 260. 

* R. Otto, Aideitung zur AustifitteluHff der Oi/U, 7th ed., p. 227 

48 



764 PRACTICAL METHODS FOR SPECIAL OASES CH. n 


D. Modification of the process described in C. 

Sec. 204. 

Numerous modifications can, of course, be made in the process 
described in C.,and we refrain from a detailed description, as the 
conditions cannot all be foreseen under which such modifications 
offer advantages over the methods given ; one modification, 
however, which consists in a deviation in the method of preparing 
the elementary arsenic, must be pointed out. 

1. The solution obtained in (310) may be tested flirectly in Marsh’s 

apparatus as described in Sec. 89, 12, instead of being treated 
with hydrogen sulphide. Keduction by means of sulphur 
dioxide may be omitted in this case. If arsenic is present in 
any considerable quantity, a portion of the liquid (previously 
measured or weighed) will be sufficient to obtain distinct arsenic 
mirrors, and the remainder can be used for the quantitative 
estimation of arsenic. If, however, onlj^ minute quantities of 
arsenic arc present, so that by degrees the whole amount of the 
liquid has to be introduced into Marsh’s apparatus in order to 
obtain a distinct arsenic mirror, the quantitative estimation of 
arsenic must be omitted, provided the Marsh test has not been 
carried out from the start according to Polenske’s method 
described in the following section. The latter procedure may, 
therefore, be recommended for the sake of safety in all cases. 
If it is thought necessary to determine definitely that the 
resulting mirror is actually an arsenic mirror, treatment with 
hydrogen sulphide, as described on p. 369, should be chosen. 

2. The use of the distillation process, described in Sec. 197, for the 

<.ietection of arsenic in textile fabrics, carpets, etc., has also 
been recommended repeatedly for forensic purposes. In any 
case, it possesses the advantage of enabling a decision as to the 
absence or presence of arsenic to be made comparatively quickly. 
In such a case the filtered solution obtained in (301) should be 
subjected to distillation by the method described in Sec. 197, 
with 'che addition of hydrochloric acid and ferrous chloride, and 
the distillation continued, with renewed addition of hydrochloric 
acid, BO long as the liquid passing over gives (after dilution with 
water) precipitates with hydl’ogen sulphide. The hydrogen 
sulphide precipitates from tne whole distillate are collected on 
a filter, treated according. to (308), weighed, and then subjected 
to further examination by means of a reduction test as in (311). 
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If care has been taken that the ferrous chloride used was not 
only absolutely free from arsenic but also from all other im- 
purities, the residue from the distillation may be used for tests 
for the remaining metallic poisons in accordance with the course 
described in the previous section. 

E. Process intended 'primarily for the detection and determination of 
arsenic only. 

Sec. 205 . 

The process which will now be described has for its sole object 82iL 
the detection and determination of arsenic in cadaveric remains, 
food, and other organic substances. Only occasionally can it be 
extended to the detection of other metallic poisons, that is to say, 
when the whole of the prepared solution has not been used for the 
detection of arsenic. The process consists in the destruction of the 
organic substances by means of hot concentrated mineral acids, 
and in the examination of the resulting solution by Marsh’s method, 
but under conditions in which the conversion of the arsenic present 
into the form of a mirror takes plac^e quantitatively. We have used 
this combined method (which we will describe in detail), e.g. for the 
examination of the urine, blood, and organs of persons who have been 
treated with salvarsan, and have always obtained satisfactory results. 
Since comparatively large quantities of acid are necessary for the 
jjrcparation of the solution, the purity of the reagents is a point of 
the utmost importance (p. 734) ; their preliminary examination 
must be carried out with corre8[)ondingly large quantities. 

^ For the first part of the work (preparation of the solution) we 
use the method described by M. Kerbosch.i If necessary, the sub- 
stance is stirred with water to form a thick paste, and placed in a 
retort with a tubulure, made of Jena glass, which should be at least 
four times as large as the volume of the substance to destroyed. 

A mixture of equal parts of concentrated sulphuric acid and nitric 
acid of sp. gr. 1*3 is then added (approximately as many c.c. as 
correspond to the weight of the dry substance in grms.). , Vigorous 
action often begins, even in the cold, so the test should be carried out 
in a fume cupboard. 

The retort is gently heated, .preferably on asbestos wire netting, 
until the contents have formed a jiniform mass without the liquid 
frothing over. A separating funnel, provided wit'll a dropping device, 

1 Arch. /. Phanr^., W, 617 (1908). 
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is introduced into the tubulifre of the retort, care being taken that 
the tube of the funnel is about 5 mm. from the bottom of the retort. 
The space between the tube and the tubulure may be closed, by 
means of a suitably-ground stoj)per (Fig. 53). Nitric acid is now 

added, drop by drop, through 
the separating funnel to the 
contents of the retort, which 
are meanwhile continuously 
heated. The temperature and 
the speed at which the drops 
fall should be so adjusted that 
carbonisation does not occur, 
and care should be taken always 
to have a slight excess of nitric 
acid. The distilling acid is col- 
lected in a receiver. At first 
the action is vigorous with 
much frothing, but after a time the formation of froth ceases. By 
this means a yellow liquid is obtained, which will be covered with a 
clear layer of the fat present. Needless to say, this will obviously 
only be destroyed after it has been carbonised with sulphuric 
acid. The temperature is now raised, and the supply of -nitric acid- 
regulated in such a way that the fine carbon formed is at once 
oxidised by the nitric acid which is being added. The formation 
of coarse fragments of carbon should be avoided. 

In this process the layer of fat gradually disappears and a clear 
brown liquid will finally be pre.-ent in the retort. The liquid is now 
strongly heated with the slow addition, drop by drop, of nitric aeid 
untHjit is completely colourless^ and this strong heating continued 
for at least an hour, in order to destroy the last traces of organic 
substances. In this process about 450 c.c. of acid are required for 
the destruction of 250 grms. of fat minced meat — the process is com- 
pleted within 5 hours ; the residue in the retort should only amount 
to a few c.c.^ 

.8IKS. Ill oi^fer to convert all the arsenic,, quantitatively into hydrogen 
arsenide in the next stage of the process, and finally to cause it to 
deposit in the heated glass tube in the form of an arsenic mirror, the 
following directions of E. Polenske 2 Ishould be followed : — 

1 With regard to a^.proposal mad4r by Ix>ekemann for the destruction of 
organic substances, cf. Zeitsch. anal. Chem., 61, 717.^ 

* Zeitsch. anal. Chem.^ 89, 663 (r900) ; cf. also the comprehensive work of 
LockemfUnn in regard to Marsh's methOd {iZejtsch. anal. Chem,, 18, 416). 
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The cylindrical flask for the evolution of hydrogen should contain 
about 250 c.c., and be four times as high as it is wide. The liquid 
containing the arsenic should contain approximately 20 c.c. of sul- 
phuric acid in 100 c.c., and the quantity of arsenic in 100 c.c. of this 
liquid should not exceed 4 to 5 mgrms. In order to keep the sul- 
phuric acid at the necessary strength, the residue which remained 
in the retort after the process just described is very carefully rinsed 
with water, when cool, and placed in a ivcighed porcelain dish, and this 
heated on a sand bath, in order to remove the nitric acid completely, 
until about one-third of the sulphuric acid has evaporated. The 
nitric acid is not always completely removed by a single evaporation ; 
it is therefore necessary, when cold, to dilute it again with 50 c.c. of 
water and to repeat the concentration and evaporation. This is 
repeated until a small drop of the liquid, after dilution with water, 
no longer gives a reaction for nitrate ion with diphenylamine. 



When this point has been reached the contents of the dish, when 
cold, are made up to 36 grms. with concentrated sulphuric acid, and, 
after being rinsed in a measuring flask, diluted to 100 c.c. with water. 
A portion of this solution is introduced into a burette with a glass 
ta*p, from which it is allowed to drop into the flask for the evolution 
of hydrogen. 

This latter flask, the dimensions for which were given above, is 
provided with a dropping funnel, reaching nearly to the bottom of 
the flask, and an outlet tube for the gas. This tube’ is connected with 
a washing flask containing a 5 per cent, lead nitrate solution, and 
then with a U-tube, one half of which is filled with about 20 grms. 
of fused calcium chloride, and the other with caustic alkali; to this 
is attached an ignition tube of hard glass (Fig. 54), the other end (8) 
of which is connected with a small glass tube which is immersed to 
the depth of a few centimetres in an approximately one per cent, 
solution of silver nitrate. The Siameter of ^he ignition tube is 
10-12 mm. in its wider find 15 to 2 mm. in its^constricted parts. 

The zinc is first treated in4b5 cylindrical evolution fla*k with 
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about 5 c.c. of concentrated sulphuric acid and then 20 c.c. of water 
added ; after about 15 minutes the air will have been expelled from 
the apparatus. For the purpose of testing the zinc and sulphuric 
acid, the tube is heated with a flame at h for half an hour, during 
which time, if the evolution of gas is too weak, a mixture of one 
volume of sulphuric acid and four volumes of water is added drop 
by drop. If at the end of thb time no visible depo.sit can be seen 
in the tube, the reagents are sufficiently pure. The tube is now heated 
between 6 and 7 with one, and between 4 and 5 with two Bunsen 
burners with chimneys (an asbestos screen being j)laced at g and c), 
and a quarter of the liquid (25 c.c.), prepared for examination, made 
to drop (about 0*75 c.c. per minute) from the burette through the 
funnel into the evolution flask. Ti'he evolution of gas must take 
place steadily, and at such speed that it is possible to count the 
successive bubbles in the lead nitrate or silver nitrate solution 
through which the gas has to pass. 

If no visible mirror is formed beyond c in this process, no arsenic 
is present ; if, on the other hand, the solution contains too much 
arsenic, the silver solution is reduced. Despite this fact, the examina- 
tion is carried to comj)letion, b)' allowing the liquid to drop as slowly 
as possible and weighing the mirror in the method described below. 
An approximate estimation of the amount of arsenic juesent is thus 
obtained, and the remainder of the solution, prepared for examination, 
further diluted with dilute sulphuric acid (one volume of acid and 
four volumes of water) in such a way that only 4 to 5 ingrms. can still 
be contained in 1(K) c.c. The test is then repeated with this liquid. 

When there is a steady evolution of hydrogen arsenide, the rest 
of the liquid is gradually added, and the flask finally rinsed with 
sulphtlric acid which lias been diluted in the proportions mentioned 
above. If the evolution of gas becomes too vigorous at times, it 
may be regelated ,by allowing the drops to fall at longer intervals, 
or by stopping the dropping for a little while. Towards the end of 
the test the evolution flask should be put into warm water, so that 
the evolution of gas is not disturbed by the separation of crystals of 
zinc sulphate. 

By this means the whole of the arsenic will be found beyond c 
after about 2 to 2 J hours, whilst only admail mirror will appear behind 
g. The evolution of gas is maintained for about an hour, the flames 
then removed, and t'he ignition tube heated with a flame between 
2 and 3. If, after a quarter of aft hour, no mirror is visible beyond 3, 
the test IS complete ; if, on the other fiand, a mirror appears, it should 
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be driven along to d by the necessar^P adjustment of the flame, and 
the test repeated with renewed heating between 2 and 3 until no 
arsenic mirror appears beyond 3. If, after half an hour, only a faint 
yellowish-brown deposit is formed, these traces of arsenic may be 
ignored. 

When it is certain that the arsenic has thus practically been 
completely expelled, the flame and the silver solution are removed 
and the ignition tube connected in the reverse direction at 8 with 
the U-tube, and heated by means of a small flame in a current of 
hydrogen until all the arsenic has been driven along to c. When cold, 
the portion of the tube c to f is cut out by means of a file (carefully, 
to prevent spbnters of glass getting into it or particles of arsenic 
from being lost), and this small piece of tube, together with the arsenic 
in it, weighed. I’lie latter is dissolved in concentrated nitric acid 
while being heated, and the tube washed out, dried and weighed again 
under the same conditions, so that the quantity of arsenic is obtained 
from the difference. If a micro-balance is used, even very small 
quantities of arsenic may be accurately determined. 

Instead of such a gravimetric process. W. //. Bloemcndael uses o828. 
volwnetric 'process for the quantitative determination of arsenic separated 
in the form of a mirror.^ The arsenic mirror is dissolved in a carefully- 
measured quantity of a potassium dichromate sulphuric acid solution 
of a known normality. The liquid is then treated with potassium 
iodide, and the separated iodine titrated with sodium thiosulphate. 

By this means the quantity of potassium dichromate necessary for 
the oxidation of arsenic to arsenate ion, and consequently the amount 
of arsenic in the mirror is obtained : 

6As~|-5K2Cr2O7-|-20H2SO 

=6H3As04-f5K2S04-f5Cr2(S04)3+:iH20 

As a rule, f^^-iV-sodium thiosulphate solution is used for the 
purpose ; in the case of quantities of 0 01 mgm* and Jess, Bloemen- 
dael used ^^^-W-sodium thiosulphate solution. 'We have had no 
personal experience with this form of determination. 

In any case, it is essential in the procedure described in this section 
that certainty be obtained as* to whether the mirror which^uppears 
actually due to arsenic. Polenske’s method ^ is to precipitate the 
arsenate ion as ammonium magnesium arsenate by means of ammonia 
solution and magnesia mixture frpm the solution of the mirror, after 
complete oxidation with a few drops of fumiifi? nitric acid, with the 

1 Arch. f. Pharrn., 604 (1908). 

* Zeiisch. and. 29, m (1900). 
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aid of heat ; the nature of the precipitate can be confirmed by means 
of the silver nitrate reaction. 

If the whole of the sulphuric add solution of arsenic f resent at the 
beginning (and since increased to 100 c.c.) ha^ not been used, the 
remainder can he used for testing for other tnetallic poisons. 


n. Process for the Detection of Hydrocyanic Acid. 

Sec*. 206. 

824. If poisoning with hydrocyanic acid or with alkali cyanides i 
(which have the same action as hydrocyanic acid, and, owing to their 
being used for many technical purj)oBes, are more easily obtained) is 
known or presumed to have occurred, and if the hydrocyanic acid is 
to be detected in food or in the contents of a stomach, the first 
essential is to begin the examination speedily. The reason for this 
is that hydrocyanic acid, being an unstable substance, may rapidly 
undergo decomposition, 2 and also because, in the opinion of many 
chemists, at all events, cyanogen compounds may be produced in 
the putrefaction of animal substances, although this view cannot 
yet be regarded as definitely proved. 3 The period of time during 
which the poison can be detected depends upon its quantity and the 
stage of putrefaction. On the average, the detection is still possible 
9 to 10 days after the poisoning, in the lungs even after 14 days, and 
in the large intestine after 15 days. In the case of a dead body in 
good preservation it is said to be possible to detect the poison after 
3J months (J. Gadamer), and, according to Jollyman,^ even after 
6 months. If the portions of the body have been preserved with 
alcohol it is possible, according to G. Calvi and M. Malacarne,® to 

I, 

^ The technical “ potassium cyanide ” manufactured by the newer process 
is a mixture of potassium and sodium cyanides, or, if prepared by the Castner 
process, it consists only of sodium cyanide. 

® The decomposition of hydrocyanic acid in dead bodies may take place 
with varying speed, but, as a rule, it continues for a considerable time, until the 
whole of the hydrocyanic acid is introduced into the organism and has been de- 
compose<l. Cf. on this question Dragendorff, Die gericMlich-chemieche Ermitte^ 
lung von Oiften, 3rd ed., Gottingen (Vandenhoek & Ruprecht), 1888, p. 69 ; 
Buchner, Jrprnkt. CAew,, 104, 388; Bonjean, Pharm. Zer troth., 1871, p. 199; 
H. Struve, Zeitsch. anal. Chem., 12, 16 and 19; Rennard, Ibid., 18, 110; 
Reichard, Arch. d. Pharm., 219, 204 ; Sokoloff, Zeitsch. anal. Chem., 14, 423. 

* With regard to this question, see Tayl'^r in Dragendorff’s work, loc. cit., 
p. 69 ; Bonjean, Pharm. Zentralh,, 1871, p. 199 ; W. Proyer, Zeitsch, anaj. Chem., 
12 23 

* Zeitsch. anal. Chem., 46, 660 (1907). CJ. also W. Autenrieth, Ibid., 50, 
636. 

« Ihid^, 48, 619 (1909). 
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detect hydrocyanic acid after a monfi:. In examining a hody no^ 
only the stomach and intestinal canal, but also the blood, heart, 
brain, lungs, liver, and urine must be taken into consideration. 

Since, apart from the poisonous cyanogen compounds, among 
which hydrocyanic acid and potassium and sodium cyanides must 
be regarded as the most important, there are also non-poisonous 
compounds, of which potassium ferro- and ferricyanides and Prussian 
blue are the best known ; and since the action of even weak acids 
on the latter converts a portion of their cyanogen constituent into 
hydrocyanic acid, it is necessary in the first place to make a few 
prebminary tests to determine which method should be chosen for 
the separation of hydrogen cyanide, in order to be able to decide 
with certainty whether hydrocyanic acid or alkali cyanide was 
originally present. 


A. Preliminary Tests. 

1. The odour of the substance under examination is carefully 826. 
noted. Hydrocyanic acid may be recognised at once, if present in 
any considerable quantity in substances free from other odorous 
compounds. If, however, cadaveric remains under examination 

are already in process of putrefaction, the odour of hydrocyanic acid 
may be masked by that of the putrefying substances. The odour 
alone, however, must never be regarded as a sufiicient proof of the 
presence of hydrocyanic acid, for benzaldehyde and nitrobenzene 
have, to some extent, similar odours. 

2. A little of the substance, with the addition of water, if necessary, 826. 
is placed on a moistened filter, and the filtrate collected, acidified with 
hydrochloric acid, and tested for ferroc^yanogen ion with ferric chloride, 
and for ferricyanogen ion with ferrous sulphate. Any soluble thio- 
cyanates present would also be found in the former test. If a 
ferrocyanogen, ferricyanogen, or thiocyanogen • )mp(Mmd has been 
found, the greatest care will be required for the detection of any 
simple cyanogen compounds (hydrogen cyanide, alkali cyanide) in 

the presence of these compounds. The examination is continued at^ 

B. 2 (331). * * ' ■ 

Since potassium ferrocyanide and potassium ferricyanide are 
decomposed even in cold aqueous solution, and more rapidly in acid 
or hot solutions, the conclusion that there has been hydrocyanic acid 
or alkali cyanide poif^ning, when hydrocyanic acid has been found 
in a dead body, in additie^n V) ferrocyanogen or ferricyanogen 



762 PRACTICAL METHODS FOR SPECIAL CASES cb. ii 

compounds, is never justifiable, according to Alm6n,i whilst according 
to R. Fresenius 2 it is only permissible under certain conditions, as, 
for example, when a relatively large amount of hydrocyanic acid 
with little potassium ferrocyanide is found in a body a short time 
after death. 

327 . 3. If ferro- or ferricyanogen compounds and thiocyanogen com- 

pounds have not been found, a preliminary test is next made with 
guaiacuni paper containing copper sulphate. For this purpose the 
reaction of the substance, which, if not fluid, must be treated with a 
little water, is determined. If the reaction is acid, the substance is 
suitable for the test at once, but if it is neutral or alkaline, it should 
be acidified with tartaric acid solution. The air in the flask above 
the substance under examination is then tested by suspending in it 
giiaiacum paper containing cupric sulphate, as in Sec. 120, 11. If 
the paper turns blue it is presumptive evidence, but not conclusive 
proof, of the presence of hydrocyanic acid or alkali cyanide. Mercuric 
cyanide, if present, would not give the reaction. The examination 
is continued at B. 1 (329). 

828 . 4. If the preliminary tests in I, 2, and 3 have given negative 

results, mercuric cyanide may still be present. The examination is 
continued at H. 3 (333). 

B. Separation and detection of hydrocyanic acid or of cyanogen in 
po Lwno us cyani des . 

829 . 1. If the preliminary test (A. 2) has shown that ferro- and ferricy- 
anogen compounds, and also thiocyanogen compounds are absent, 
and if the guaiacum paper has turned blue (A. 3), the substance 
under examination is mixed with water, if necessary, and, if 
it^ does not show a strongly acid reaction, is treated with tar- 
taric acid solution until it reddens litmus paper strongly. It 
is then introduced into a distillation flask, \vhich must not be 
too large, and this is connected by means of a tube passing 
through its cork with an inclined condenser. The lower end 
of the condenser tube passes through an opening in the cork 
of a graduated cylinder (which seives as a receiver), so as to 
form an air-tight joint, whilst this cylinder is attached, by means 
of a tube passing through a second opening in its cork and bent 
twice at right angles, to a U-tube (PMigot tube). The latter is 
charged with a very dilute solution of sodium hydroxide, which 

1 Chem. Zentr,, 1872, p. 439. 

* Cf, also Ludwig and Mauthner, ZeiU^h antd, C?ietn,f 20* 604 (1881). 
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is known to be free from cyaflide.i The flask is carefuHy 
heated in an oil bath or calcium chloride bath, the bottom of 
which it must not touch, in such a way as to avoid excessive 
healing of the sides of the vessel,- and so that the contents 
continue gently boiling. 

As soon as about 12 c.c. have distilled, the cylinder is re- 
moved, and replaced by a weighed boiling flask of larger capacity, 
which must also be connected with the U-tube mentioned above. 
Sometimes, especially when there is much frothing, it is advis- 
able to make the distillation in a current of steam. The steam 
for this purpose is conducted to the bottom of the flask, the steam 
generator consisting of a large flask in which water is boiled 
during the distillation, and which is provided with a glass tube 
bent twice at right angles, the delivery end of which passes 
through a second opening in the cork of the distillation flask. 

The first distillate is measured or weighed, and tested as 880. 
follows : — - 

{a) One quarter is treated as in Sec. 120, 8, to convert the 
hydrocyanic acid into the form oi ferric thiocyanate. Since 
it may easily hapj)en that the distillate contains acetic acid, 
care should be taken to add some additional hydrochloric 
acid to counteract the bijurious influence of the ammonium 
acetate. 

(6) Another quarter is treated as in Sec. 120, 7, to convert the 
cyanogen ion of the hydrocyanic acid into Prussian blue. 

(c) If the tests (a) and (6) have proved with certainty that 

hydrocyanic acid is present, the remaining half of the 
distillate is used for a quantitative estimation thereof. If, 
however, one of these reactions has failed to give a decisive 
result, a further quarter of the distillate is used for the 
reaction described in Sec. 120, 9, depending upon the 
conversion of hydrocyanic acid into nitr^prusside ion, 
whilst the quantitative estimation is made in the last 
quarter. 

(d) In making an apprt)ximate quafUitative estimalum, the di^i^y 
tillation is continued so long as a liquid containing hydro-' 
cyanic acid distils, the distillate mixed with the contents of 

^ If it is necessary to combine the examination ior hydrocyanic acid with 
tests for phosphorus, thf^receiver of the apparatus described in ( 330 ) must be 
included, and the distillation carri^l outfin the dark. 

' Ganassini, Zeitseh. anal. Chsm (1^7), 46, 649. 
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* the U-tube, and a ht,lf (or a quarter) of this liquid mixed 

with half (or a quarter) of the distillate first collected in the 
cylinder. If the mixture is not already acid, sufficient 
tartaric acid to produce an acid reaction is added, and it 
is then introduced into a retort or distillation flask, treated 
with borax or sodium hydrogen carbonate to retain the 
hydrochloric acid, and distilled down to a small residue. 
The distillate thus obtained, which will contain the whole 
of the hydrocyanic acid and be free from hydrochloric 
acid, is treated with silver nitrate solution, then with 
ammonia solution in excess, and lastly with nitric acid 
until the reaction is strongly acid. The resulting pre- 
cipitate of silver cyanide is allowed to subside, collected 
on a filter paper (which has previously been dried at 100° 
and weighed), washed, dried at 100°, and weighed. The 
weight multiplied by 0’2()17 gives the corresponding 
quantity of anhydrous hydrocyanic acid, and the result 
multiplied by 2 or by 4 (according to whether a half or a 
quarter of the liquid was taken for the estimation) gives 
the entire quantity of hydrocyanic acid originally present 
or formed by the decomposition of alkali cyanide. 

881.2. If the preliminary examination has indicated the presence of 
complex cyanogen ions (ferrocyanogen, ferricyanogen, and thio- 
cyanogen compounds), the method described in 1 (329) cannot 
be used for the separation of hydrocyanic acid, because tartaric 
acid would liberate hydrocyanic acid from the practically 
non-poisonous compounds mentioned, at the boiling temperature 
of the liquid. Hence one of the following methods must be 
cl\f sen : — 

({/) MeltmU ivhich are applicable in the presence of either ferro- 
oty ferricyanogen compounds or of thiocyonogen comptounds. 
The iollqwing method, devised by Jacquernin.i is based 
upon the fact that hydrocyanic acid can be expelled from 
alkali hydrogen carbonate solutions, whereas no hydrocyanic 
aQ-jd’ is liberated from complex cyanogen ions in such 
solutions so long as the temperature does not exceed 60°. 
This has been confirmed by later experiments of A. Hilger 
and K. Tamba,2 and of H. feeckurts and W. Lehrmann.s 

' Ann, chim. phys. (6), 4, 136. 

* Zeitach. anal. Chem„ 3^, 629 (1891). ' 

, * Zeitsch. UfUers. Nahr. Gy,nuifi.^Z, 416 (1900). 



SBC. 208 DBTSCTibN OF HYDROCYANIC ACID 786 / 

The latter, in particular, haveehown that whereas no hydro- 
cyanic acid IS liberated from 1 per cent, solutions of 
potassium ferrocyanide, traces are liberated from 2 per cent, 
solutions, whilst the distillate from 5 per cent, solutions 
will contain appreciable quantities of hydrogen cyanide 
if the liquid is heated above 60°. In applying the test the 
directions of R. Otto ^ and G. Baumert ^ are followed, 
according to which the substance under examination is 
diluted with a sufficient quantity of water and mixed with 
a moderate quantity of sodium hydrogen carbonate in a 
flask, the cork of which has three 02 )ening 8 . Through the 
centre opening is passed a thermometer which reaches 
nearly to the bottom of the flask, whilst the usual inlet and 
outlet tubes are jjassed through the other two openings. 
Washed carbon dioxide is admitted through the inlet tube, 
which also extends to the bottom of the flask, whilst the 
outlet tube leads to a condenser with which are connc^pted 
the vessels used as receivers, in the same way as described 
in (329). The liquid is distilled on the water bath, care 
being taken to maintain the temperature rigidly within the 
limit mentioned, and the distillate is treated as in (330). 

In the case, which in practice hardly ever occurs, of its 
being necessary to test not only for hydrocyanic acid and 
alkali cyanides, but also for phosphorus in the presence of 
complex cyanides, only a small quantity of the liquid 
should be distilled, and the residue in the distillation flask 
again acidified, and tested for phosphorus by Mitscherlich’s 
method (336) (R. Otto). 

(6) Methods which are suitable for eliminating the disi^urhing ZS2* 
influence of ferro- or ferricyanogen compounds hut not that 
of thiocyanoge7i compounds. The substance under exaipina- 
tion is diluted with water if necessar ',^ rendered slightly 
acid with tartaric acid, and vigorously shaken with an 
equal volume of ether. After separation of the ethereal 
layer, the shaking with ether is repeated. »The united , 
ethereal extracts will be free from hydroferrocyailic and 
hydroferricyanic acids, but will contain hydrocyanic acid 
originally present ai^ that liberated from alkali cyanides. 

The free hydrocyanic acid may now^be separated from the 

1 Anleitung zur^Austnittclung Gifte, 7th ed., p. 34 (1896). 

“ Lehrbuch der gerichUtc^n Ohemie, 1, 2nti ed., 269 (1907). » 
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‘ ethereal extract by shaking the latter with water containing 

sodium hydroxide, and may be detected in the aqueous 
extract as in Sec. 120, 7, 8, and 9 (Barfoed,i Beckurts and 
Schonfeldt).2 This method cannot be recommended when 
mercuric cyanide is present, because, although this com- 
pound is extracted^ when its aqueous solution is shaken 
with ether, it is only dissolved to a limited extent, and its 
complete extraction is difficult ; in this case the method 
given in (333) is used. 

838 . 3 . The extremely poisonous ttiercuric cyanide yields a distillate 
containing hydrocyanic acid only when a considerable 
quantity of the compound is present. If, however, a smaller 
quantity is present in dilute solution, no trace of hydrocyanic 
acid is distilled, even when the liquid has been strongly acidified 
with tartaric acid ; but on adding a few c.c. of fresh hydrogen 
sulphide water and repeating the distillation, the mercuric 
cyanide will be completely decomposed, and the distillate will 
contain hydrocyanic acid (W. Autenrieth).*^ Meri uric ion will 
be found as mercuric sulphide in the residue from the distillation. 

According to Autenrieth,'* mercuric cyanide may be detected 
in the presence of complex cyanogen ions as in (331) if the 
liquid to be distilled is treated with sodium hydrogen carbonate 
in not too small a quantity, and a few c.c. of freshly prepared 
strong hydrogen sulphide water are added. 

Mercuric oxy cyanide may be detected in the same way as 
mercuric cyanide by means of this method ; the commercial 
preparations of this compound, which has recently been occa- 
sionally used in medicine, usually contains considerable propor- 
tions of mercuric cyanide.^ 

^ If the ethereal extract obtained as described in (332) contains 
mercuric compounds in addition to hydrocyanic acid, it does 
not neces^iarilyv follow that mercuric cyanide was present, since 
other mercuric salts, especially the chloride, are also soluble in 
ether (Gadamer). The presence of mercuric cyanide (or of 
mercuric oxycyanide) can only be regarded as definitely proved 
when ^ne tests for hydrocyanic acid in (329) and (331) have given 
negative results, and that in (333) a positive result ; whilst, in 

‘ Lehrbuch der organischen giuUiUhiven Analyse^ p. 169 (1881). 

* Zcitach. anal. Chem., 23, 117,(1884). 

* Die AuffindiAig der Oiftcy 4th ed., p. 24 (1909). 

* Arch. d. Pharm., 231, 107 (1893). v 

^ » E. Rupp, Areh>d. P^arm.T ?46^470 (1908). 
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addition to this, mercuric ion has,been found in the distillation’ 
residue. In any case, however, it must be remembered that 
mercuric cyanide is always formed when mercuric and cyanogen 
ions come in contact. 

in. Method for the Detection of Ordinary Phosphorus.^ 

Sec. 207. 

Since the use of white or yellow phosjthorus for the manufacture 884. 
of wooden and other matches was prohibited in Germany by an 
Imperial statute of May 10th, 1903, to come into force on Jan. 1st, 

1907, cases of phosphorus poisoning have been decidedly less frequent 
than formerly, when the material was particularly easily accessible 
in the form of phosphorus matches. But phosphorus pastes and 
pills for poisoning rats and mice and drugs containing phosphorus 
(phosphorised oil and cod liver oil) may still be procured without 
difficulty, so that, even at the present time, the chemist is not infre- 
quently set the task of detecting phospliorus in the contents of the 
stomach or in food. In such examination it is of primary imj^ortance 
that his sole aim must be to separate the phosphorus in the free 
condition, or to bring about reactions which depend upon the presence 
of ordinary {colourless, white, or yellow) phosphorus, for the detection 
of red or ligid red phosphorus, or of phosphorus in tlie form of phos- 
phates, would be devoid of all significance, inasmuch as the former is 
non-poisonous, and the latter are of normal occurrence in animal and 
vegetable organisms. 

Since any free j)hosphoru8 present is converted by the action of 
the air first into phosphorous acid and eventually into i)ho8phoric 
acid, which compounds no longer allow of any conclusion being drawn 
as to whether free phosphorus was originally present, it is essential 
that any unnecessary delay should be avoided. Since, however, 
particles of j^hosphorus enveloped in viscid v rgaric substances 
require a fairly long time before they are completely oxidised to 
phosphoric acid, the detection of free phosphorus in cadaveric 
remains is often successful, ^ven when the examination ^has not been 
made until several weeks after death (Neumann, 2 Dragendorff,* 

^ Since only ordinary (colourless, white, or yellow) phosphorus is poisonous, 
whilst red or light red phosphoru8*ls not poisonous, the term “ phosphorus *’ In 
the following section always means ordinary phosphorus. 

• Taylor-Seideler, Oifte, II., p. 179. 

• Dragendorff, Die gerschUich-ckemische KrmiUelung von OifteUf 3rd ed., p. 99 
( Vandenhoek & Kuprecht, Gdtting|p, 
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^Fischer and J.’ Muller, i Elveijg,* Medicus s). PhoBpIiorus present in 
food in the proportion of 3 mgrms. in 120 grms. could still be 
detected after 140 days ; any material diminution in the amount 
of phosphorus only occurred so long as the mass was still moist 
and spongy, whilst, after drying, only slight oxidation continued 
(Nattermann and Hilger). In the examination of dead bodies ‘the 
trustworthiness of the results may, according to the repeated experi- 
ments of Selini,^ be influenced by the fact that by the putrefaction 
of albumin, brains, and even of parts preserved in spirit, especially 
viscera, there may be formed volatile substances containing 
phosphorus, which are readily soluble in ether and carbon bisulphide, 
and turn a solution of silver nitrate brown. 

In examining dead bodies not only the contents of the stomach 
and intestines, but also the liver, brains, and blood have to be taken 
into consideration. Since the brain substance is itself rich in phos- 
phorus, and putrefied brain, when distilled with water, may yield a 
distillate containing phosphorus, it is advisable to make a separate 
examination of the brain. In addition to the cadaveric remains, 
any vomit, freces, or urine ^ present should also be examined. Since 
the unpleasant odour which phosphorus, even in very minute quanti- 
ties, imparts to food and drink gives a warning of its presence before 
they are taken, the detection of phosphorus is, in most cases, confined 
to the examination of remains of food in cases of attempted poisoning, 
and is but seldom required in connection with cadaveric remains. 

A. Detection of Unoxidised Phosphorus. 

1. Preliminary Examination. 

. A test should first bo made whether the substance under examina- 
tion does not show by its odour or by phosphorescing in the dark 
that it cofitaips unoxidised phosphorus, and to this end care should 
be taken to bring the phosphorus enveloped in the mass into in- 
creased contact with the air by rubbing, stirring, or shaking. Lumin- 
escence in the dark is not an absolute proof of the presence of 

' t ' ' 

* Zeitsch. anal. Chem., 16, 67. 

* Chem. Zentr., 1877, 70. 

* Ztitach. anal. Chem., 19, 164. 

« Ber., 9, 1127, and 11, 1691. 

‘ With regard to the charaoteristic neture and distinctive behaviour shown 
by urine in cases of phosffliorus poisoning, see Selmi, Zeitsch. anal. Chem., 14, 
232, and 21, 481 ; e. Mering, Ibid., 16, 607 ; Pesoi and btroppo, Pharm, Zentralh., 
1880, 166, ' ' 
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phosphorus, since there are also many ither causes of such phosphor- 
escence phenomena. A further examination must, therefore, always 
be made, beginning with the following preliminary tests : — 

(а) A portion of the substance is stirred in a flat porcelain dish, 

which is heated on a water bath in the dark. Luminescent 
particles are then picked out, an<l may be subjected to further 
tests. 

(б) A little of the substance under examination is examined by 

J. Scherer’s method, ^ in which it is stirred with water, acidified 
with sulphuric acid, and introduced into a small flask, in the 
neck of which are suspended, by means of a loosely-inserted cork, 
two strips of filter paper, one saturated with silver nitrate solu- 
tion and the other with lead acetate solution, and both of which 
have been dried with filter ])apcr after saturation. The strips 
must not touch each other. The flask is then heated at 30° to 
40° for a long time (up to 24 hours) in the dark. If only the silver 
nitrate paper has then become blackened, the presence of free 
phosphorus is indicated ; if both strips have been blackened, 
hydrogen sulphide may be the cause ; but if the silver nitrate 
paper remains white, free phosphorus is certainly not present. 
As a confirmatory test, the silver nitrate paper, if blackened, is 
oxidised with aqtia regia and extracted with water, and the 
extract evaporated and finally tested for phosphate ion by means 
of ammonium molybdate. It is es.sential to make a blank test to 
prove that any positive result obtained is not due to the presence 
of phosphate in the paper. To eliminate blackening of the silver 
nitrate paper by hydrogen sulphide, a sulphuric acid solution of 
2 to 3 grms. of cadmium sulphate may be added to the mass ; 
on the other hand, an addition of lead acetate must be avoided, 
since it has an influence on the phosphorus reaction of the silver 
nitrate paper.'-^ Inasmuch as jwsitive reactions were.cbtained 
by R. Freseniiis and C. Ncubauer » with fo^ic tlcid, and by 
H. Nattermann and A. Hilger with beer and milk free from 
phosphorus, Scherer’s method is a proof of the absence rather 
than of the presence of free phosphorus. In the for^ier case, 
however, it is very sensitive. If free phosphorus has not been 
proved to be absent by this test, the main portion must be 
examined by one of the following methods : — 

’ Ann. d. Chem. u. Phirm., 112, 216. 

2 E. Rupp, Zeitsch. Unt^rs. Njhr. Gennss., 3, 415 (1900). 

3 Zeilsch. anal. r’A^w.,^l&333 (1862). 


49 
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2. Actual Examination. 

(a) By distillation with water. 

This excellent and trustworthy method, devised by E. Mitscher- 
lich,^ depends upon separating the phosphorus in a current of steam, 
and then causing it to phosphoresce. 

A large portion of the substance under examination is treated 
with water and a little dilute sulphuric acid 2 or, if a simultaneous 
test is to be made for hydrocyanic acid, with tartaric acid, and 
introduced into a flask A (Fig. 55, p. 771) and gently boiled. The 
flask must not be too small, or its contents may froth over ; and the 
safest method is to heat it in an oil or calcium chloride bath. The 
flask is connected by means of the tube hh (bent twice at right angles) 
with the vertical glass condenser B, beneath which is a flask C to 
receive the distillate. The test must be made in a dark room which 
is light-proof, and in which, of course, no artificial light must be 
present. In order not to be misled by reflections in observing the 
phenomena in the dark, the burner beneath A must be raised to its 
full extent, and completely surrounded by a metal cylinder, provided 
at the top and the bottom with slots for the necessary supply of air 
to the flame. It is also advisable to introduce a black screen between 
the flask A and the condenser B, provided -v^ith a suitable opening for 
the passage of the tube hh. 

If the substance in A contains phosphorus, the most distinct 
phosphorescence (usually a luminous ring which rises and falls) will 
be observed in the dark at the point where the steam enters the upper 
cooled part of the condenser tube. Under these conditions it is 
possible to distil from 150 grms. of mass containing only 1'5 mgrms. 
of phosphorus, i.e. only 0 001 per cent., more than 90 grms., over a 
period of half an hour without the luminescence stopping ; even when 
Mitscherfichfintenrupted the experiment after half an hour, left the 
flask open for 14 days, and then continued the distillation, the lumin- 
escence again appeared with undiminished intensity. H. Nattermann 

and A. Hilger obtained a distinct phosphorescence, which could not 

‘ 

' J. prakt. Chtm., 60, 238. 

® If there is reason to suppose that phosphorus may have been introduced 
into the substance under examination in tl\e form of matches, H. Hager {Zeitach. 
anal. Chem., 10, 255) recommends the further addition of a little ferrous chloride 
or sulphate to eliminate the disturbing-influence of oxidising substances in the 
matoh-heads. If, in the’ preliminary examination (335) a reaction for hydrogen 
sulphide has been obtained, ferric chloride must added to the substance to 
bo distilled, to prevent any hydrogen salpl'ide passing over into the distillate. 
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be overlooked, on distilling mixtures of i-1 mgrm. of phosphorus with* 
100 to 200 grms. of meat or vegetable, diluted to 1 litre. 

If a mass containing both hydrocyanic acid and 'phosphorus is dis- 
tilled, the former will tend to be found in the earlier portions of the 



^la. 66. 


distillate, and the latter in the later portions. It is, therefore 
advisable, after about 15 c.c. have distilled, to change the receiver, 
so that any hydrocyanic acid which has distilled^y not be obtained 
in too dilute condition ^ care must^also be taken in such cases to 
attach the lower end of the condenser to the receiver by means of a 
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^ perforated cork, and also to ^jonnect a U-tube, charged with sodium 
hydroxide free from cyanide, with the receiver (329). 

887 . If the liquid contains substances which 'prevent the phosphorescence^ 
such as ether, alcohol, petroleum spirit, phenol, cresol, chloroform, 
oil of turpentine,! and many other essential oils, no luminescence 
will occur so long as these continue to distil. Since, however, ether 
and alcohol are rapidly distilled, phosphorescence will soon be 
observed when they alone are present ; oil of turpentine and other 
essential oils, however, inhibit phosphorescence permancntly.2 Free 
sulphur does not interfere with the luminescence, but if hydrogen 
sulphide was present, or has been formed on acidifying the mass 
under examination, it must be destroyed by the addition of ferric 
chloride, as mentioned above, before heating the flask. Sulphur 
dioxide and chlorine, and also mercuric chloride, 3 prevent the 
phosphorescence, and even cupric sulphate has this effect if the mass 
is only slightly acidified (Bernbeck). 

If any considerable quantity of phosphorus is present, minute 
globules of phosphorus will be found at the bottom of the flask which 
receives the distillate. In Mitscherlich’s experiments a mass weigh- 
ing 150 grms., and containing 0'02 grin, of phosphorus, yielded so 
large an amount of phosphorus globules, that a tenth of the quantity 
was sufficient for the identification of phosphorus. In forensic cases 
they should first be washed with alcohol and then weighed. A 
portion may then be submitted to further examination to prove 
definitely that it is phosjihorus ; the remainder, and also a portion 
of the liquid which shows the phosphorescence when distilled, should 
be reserved as exhibits in connection with the report. 

The distillation residue left in the flask A often contains an 
app4''ciable amount of phosphorus which has not distilled. It is no 
longer free unchanged phosphorus, however, for the greater part has 
been oxidised into phosphate ion and smaller fractions 

into phosph'ite .ion (PO3™) and hypophosphate ion (POg^), whilst 
a small portion has also been converted into red phosphorus (Natter- 
raann and Hilger). 

41^8. The lesidue from the distillation may, if necessary, be tested for 
phosphite ion as in (349) ; in the same way further tests may be 
applied to the distillate to confirm the presence of phosphorus 
therein, or to detect phosphite ion formed by the oxidation of the 

^ Oil of turpentine acts as an antidote to phosphorus poisoning. 

* C. Stich, Zeitseb. Unters. ifahr. o, 657 (1903). 

K. PolstorflF and J. Menschihg, 19, 1763 (1886). 
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phosphorus vapour. If, however, thetdistillate is to be used for a* 
quantUative estimation (which will only be roughly approximate) of 
the phosphorus present in the free condition, the distillation should 
be continued until the phosphorescence stops, and the entire contents 
of the receiver treated with chlorine to convert the whole of the 
phosphorus and phosphite ion into phosphate ion, the latter esti- 
mated, after suitable concentration, by precipitation with magnesia 
mixture, and the amount of phosphorus, eventually weighed in the 
form of magnesium pyrophosphate, is doubled. Even then the 
quantity of phosphorus thus estimated is frequently too small rather 
than too large. If the apparatus used for the distillation is not 
unnecessarily large, and the distillation is carried out in such a way 
that the phosphorescence always appears in the condenser, and not 
in the flask or in the tube connecting it with the condenser, and is 
continued until no further luminescence can be observed, even in an 
absolutely dark room, at least a half and, under especially favourable 
conditions, even three-quarters of the phosphorus present in the free 
condition is obtained. 

If the mass to be te.sted for phosphorus is of such a nature that 
it seems likely to cause the liquid to bump, it is advisable to carry 
out the distillation in a flask heated on a sand bath, and to introduce 
steam at a moderate tension into the flask. If the apparatus is first 
filled with carbon dioxide, and the distillation with steam continued 
sufliciently long, almost the whole of the free phosphorus present will 
be recovered in the receiver (M. Buchner). ^ 

It should be noted that the mere detection of phosphate ion in 889 • 
the distillate which has been treated with chlorine or nitric acid is 
not an absolute proof of the presence of free pho 8 j)horus in the sub- 
stance under examination, even when there is no possibility of^^mall 
particles of phosphoric acid having been carried over, by spirting, 
into the distillate. In this connection reference may be m%de to the 
experiments of Selmi, mentioned on p. 768, and*b() tlftise of H. W. 
Bettink and F. C. E. v. Embden ,2 who, from the cadaveric remains 
of a man who had taken hypophosphites as a medicine, obtained 
distillates in which traces o 4 hypophosphite ion and cf, hydrogen 
phosphide were detected. 

It is, moreover, of special importance that the so-called phos- 
phorus sesquisulphide (P 4 S 3 ), \fhich since the prohibition of white 
phosphorus matches in Germany lias been ocqpsionally used in the 

‘ Zeit^ch. muU. Chem., 14, 166. 

^ Chem. Zenir.\,\m II., 1104* 

♦ 
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preparation of the so-called Swedish friction matches, which can be 
struck anywhere, gives not only distillates containing the oxidation 
products of phosphorus, but also, on distillation, shows the same 
luminescence as white phosphorus. Mitscherlich’s method is, 
therefore, only conclusive in cases where the absence of phosphorus 
sesquisulphide may be assumed with certainty, or where elementary 
phosphorus can be identified in that form in the distillate. This latter 
is detected by a microscopical examination, or by dissolving the sub- 
stance in carbon bisulphide. In the latter test the solution, when 
allowed to evaporate spontaneously, leaves a residue which phos- 
phoresces when gently rubbed in the dark (Gadamer). 

840 . A sharp test for the detection of white phosphorus in the presence 
of phosphorus sesquisulphide has been based by R. Schenck and 
E. Scharff i on the fact that the vapours from the former ionise the 
air, whereas those from the latter do not. A current of air is passed 
over the substance under examination, which is heated to 50°, and 
then conducted into a completely closed cylindrical metal vessel 
(dissociation chamber), upon the cover of which is placed an insulated 
electroscope, from which a dissociating body extends downwards 
into the cylinder. If the charged electroscope shows a decrease in 
tension, white phosphorus was present. Tn this way it was possible 
to detect as little as O' 004 mgrm. of phosphorus ; the electroscope 
indicated a decrease in the voltage of O' 4 to O' 5 scale divisions in 
5 minutes. 

( 6 ) By expelling the phosphorus in a current of carbon dioxide. 

841 . During the distillation by Mitscherlich’s method a very consider- 
able amount of the phosphorus undergoes oxidation in the flask A 
itself^(337), and therefore does not pass over into the distillate, and 
for this reason the quantitative estimation made, as described in (338), 
is very maojiurate. Since, however, the quantitative estimation 
of the amount of phosphorus is of great importance, J. Scherer 
had recommended expelling the air from the distillation apparatus 
and thereby preventing the oxidatiom For this purpose he added 
to the acidified liquid in the flask A small fragments of calcium 
carbonate, and did not begin to heat the flask until a sufficient 
evolution of carbon dioxide had (y^curred. R. Fresenius and C. 
Neubauer 2 preferred to pass a current of carbon dioxide through 
the apparatus during the distillation. This ^ generated in a Kipp’s 

1 Ber., 39 , 1522 ( 1906 ). ^ ^ ? Zeitsch. anal. Chem., 1 , 339 . 
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generator, washed with water in a w^sliing flask, and introduced 
into the flask A by means of a glass tube, which passes through the 
cork and reaches to the bottom of the flask. 

N aturally such ‘precautions have an injluence on the phosphorescence , 842 
which is due to the oxidation of the phosphorus vapour by the 
atmospheric oxygen. Since, under some conditions, the phosphor- 
escence is the only unassailable proof of identification, whilst an 
approximate quantitative estimation is of equal importance, attempts 
were made to discover the experimental conditions under wliich these 
conflicting requirements could be reconciled. I’his difficulty was 
obviated by Nattermann and Hilger i in the following method, in 
which the air is first allowed to come in contact with the plios])liorua 
vapour in the tube hh. If the phosjffiorus 
has reached this point without oxidation, no 
further loss need be feared, for the oxidation 
products formed there will be carried forward 
by the condensed water into the receiver. 

In Nattermann and llilgcr’s method the 
flask A, as shown in Fig, 55 (p. 771), is 
provided with a stopper with three ojienings. 

Through the first of these is passed the tube 
(extending nearly to the bottom of the flask) 
which admits the carbon dioxide from an 
apparatus connected with a washing fla.sk, 
as in the ajiparatus of rrcsenius and 

Neubauer ; the second opening receives a tube, which also extends 
nearly to the bottom of the flask, and is connected with a steam 
generator, such as a small boiling fla.sk ; whilst through the third 
opening is passed the vertical portion of the tube hh, as in Mitscher- 
lich’s apparatus. This tube, however, is constructed as shown in 
Fig. 56, i.e. it has upon the portion which is slightly inclined towards 
the condenser a vertical branch, a few cm. in I«ngtl^ which can be 
closed by means of a rubber tube and spring clip. An Erlenmeyer 
flask and cylinder are used as the receivers. The former has a stopper 
with two openings, through one of which passes (so as to form an 
air-tight joint) a tube reaching to the bottom of the fla.-'k and con- 
nected at its other end with the condenser, whilst the second opening* 
receives a U-shaped outlet tube connected with the cylinder, through 
the stopper of which it extend.^ nearly to the bottom. An outlet 
tube passing through | second opening in the* stopper of the cylinder 

^ Farschungeberichte J^bensmittel mw.. 4, 247 (1897). 

• • 
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is attached to a suction pump^ A little water is placed in the Erlen- 
meyer flask and cylinder. 

After the flask A has been charged with the acidified suspension 
of the substance under examination, and the air has been expelled 
from the apparatus by means of a current of carbon dioxide, which 
is continued, heat is ap2)licd to the flask. As soon as the liquid 
begins to boil, which may be recognise<l in the dark by placing the 
hand on the vertical part of the tube the spring clij) of the branch 
tube is opened, and a current of air drawn through it by means of the 
suction pump. In the presence of 2)hosphoru8 very pronounced 
luminescence will be observed in the narrow tube hh. As soon as 
the luminesccAicc has been distincthj observed, the S2)ring clij) is again 
closed, the suction j^ump detached from the receiving cylinder, and 
the distillation comjfleted in a current of steam (from the steam 
generator), while the current of carbon dioxide is continued to the 
end. Finally the contents of both receivers are oxidised in the 
manner described on p. 773, and the phospliate ion determined. ^ 
By this method it was found possible to detect 0 06 mgrm. of phos- 
phorus, and to recover 92 to 95 per cent, of the phosphorus present. 

. More recent investigations have shown that by making the test 
in this way, jihosphorescence takes 2>lace even in the jnescnce of 
such substances as prevent it when Mitschcrlich’s original method 
is used. As a safeguard, if no phosjdiorescence has been observed 
either in Mitscherlich’s method of apjflying the test or that of Natter- 
manii and Hilger, a further portion of the substance under examina- 
tion should be treated by the following method of R. Fresenius and 
C. Neubauer 2 before a final conclusion is formed. This is based on 
the fact that, on conducting the 2)hosphoru8 vapour, distilled in a 
current of carbon dioxide, into silver nitrate solution, 2)ortions of it 
are coif^erted into silver phos2)hide. The substance is introduced, 
with the addition of water if necessary, into a glass flask closed with 
a stopper having two openings. The liquid is acidified with dilute 
sulphuric acid, and a slow current of washed carbon dioxide from a 
Kipp’s generator is introduced through a tube which reaches nearly 
to the bottom of the flask, and, escaping through the second tube at 
the top of the flask, passes through one or more connected U-tubes^ 
which should not be too wide. These are enlarged at the base into 

^ The phosphate ion thus obtained, holtever, can only be regarded as 
definitely derived from phosphorus originally present, when no particles of the 
distilling liquid have spirted over, and when the substance under examination 
was free from putrefying brain substance (p. 768). 

* Zeitsch. anal. Chem., 1, 
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a series of bulbs, and each is charged \wth not more than 50 to 60 o.(?. 
of a neutral 3 per cent, solution of silver nitrate. When the flask 
is filled with carbon dioxide, it is heated on the water bath, the 
heating being continued for several hours. If free phosphorus is 
present, it will volatilise unoxidised in the current of carbon dioxide, 
pass into the silver nitrate solution, and cause the formation of 
insoluble black silver phosphide, on the one hand, and of metallic 
silver and phosphoric acid on the other. Since a black precipitate 
may also be produced (by volatile reducing substances or hydrogen 
sulphide) in the absence of phosphorus, the mere formation of such 
a precipitate is not a definite proof that phosj^horus is present, but 
its non-occurrence proves with certainty the absence of unoxidised 
phosphorus. 

Any precipitate obtained is collected and washed with water on 844 
a filter which has been previously thoroughly washed Avith dilute 
nitric acid and water. Blondlot’s method, improved by Dusart,i 
may bo used for the detection of the silver phosphide in the precipi- 
tate. In this method the silver phosphide is decomposed by means 
of nascent hydrogen, with the formation of hydrogen j)ho8phide, 
which is identified by its characteristic flame coloration on ignition. 

This further examination of the silver preci 2 )itate must be made an 
soon as possible after the precipitation is complete. A type of 
apparatus for the test is described by Nattcrmann and Hilger, and 
shown in Fig. 57. 

A small flask a with a caj)acity of about ItK) c.c. has a wide neck, 
into which is fitted a cork with three openings. Through two of 
these are passed the tubes c and d, bent at right angles, which either 
terminate immediately below the cork, or one of which, c, prefer- 
ably extends further down, but does not reach to the botton^of the 
flask. Hydrogen from a Kipp’s apparatus is introduced thiough c, 
and then passes through d to the U-tube e, which contain^ fragments 
of pumice stone saturated with concentrated [-btassfum hydroxide 
solution, and finally esca 2 )es through the glass tube f, which is fitted 
with a platinum point /.2 The third opening receives the thistle 
funnel 6, the tube of whiclj reaches to the bottom of Jjhe flask a. 

The filter containing the black silver precipitate is cut up and 
introduced into the flask a ; this also contains a few fragments of 
pure zinc and sufficient watei^ to cover the lower end of the tube b, 
the end of c being left free. Hydrogen fron^ the Kipp’s apparatus 

1 Zeitsch. anal. Clkm., 1, 129. • 

* In Dalmon’s method (ZiC') thia platinum ]x)int is indispens^le. 
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iS now made to pass through the apparatus, the gas ignited, with the 
necessary 'precautions, and a note made as to whether the flame is 
colourless, i.e. whether the zinc used is free from phosphorus. This 
test is rendered still more sharp by observing the flame through a 
spectroscope. Even the smallest traces of phosphorus are charac- 
terised by two pale-green lines (A=526‘4 and 510‘7 /u./x), between 
which lies a faint green line. The spectrum is particularly sharp 



when the flame is directed against the exterior of a platinum basin 
filled with cold water. 

When the purity of the zinc and the sulphuric acid has been 
ascertained in this way, a few c.c. of dilute (1 : 5) sulphuric acid is 
poured into the flask through the funnel h. If phosphorus is present, 
the green coloration of the flame appears, although frequently not 
until after some time. In order to produce a hydrogen flame of 
sufficient size two Kipp’s apparatus may be used, their outlet tubes 
being connec^^ed by means of a T-piece. ^ The addition of a few drops 
of platinohydrochloric acid to accelerate the evolution of gas in these 
apparatus does not interfere with the reaction. In order to facilitate 
the observation of the flame with the baked eye, J . Dalmon ^ recom- 
mends holding a sufficjontly long narrow tube, such as is used in the 
chemical harmonicon, and placing it in such, a way that the flame 
' ^ Zeitsch. anal. Chem'., 10 , \32 ( 1871 ). 
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is depressed against the inner wall •of the tube. The flame thfls 
becomes more compact without producing a musical note, and appears 
green over its whole area, while phosphorescent light waves are 
formed. If the tube is lowered the flame is compressed, and a dark 
blue coloration sometimes appears. It is doubtful, however, whether 
this is also due to the phosphorus ; ojily thci(/reen coloration is deci- 
sive (G. Baumert).! By this method Nattermann and Hilger were 
able to detect 0 00006 mgrm. of phosphorus in the form of phosphite 
with the naked eye, whilst still smaller (quantities may be detected 
with the spectroscope. The method is not suitable for a quantitative 
estimation, since only about a tenth to, at most, a fifth of the phos- 
phorus present in the form of phosphite ion can bo obtained as silver 
phosj)hide. 

The solution filtered from the silver prcci|)itate (343) is freed 846 
from excess of silver by means of hydrochloric acid, filtered through 
filter paper which has been thoroughly washed with acid and water, 
the free hydrochloric acid expelled by re})eated evaporation with 
nitric acid on the water bath, the residue dissolved in a little nitric 
acid, and the solution finally tested qualitatively for phosphate ion 
by means of molybdate reagent or a mixture of magnesium chloride, 
ammonium chloride, and ammonia. 

According to K. Fresonius and 0. Neubauer, the method is also 
very sensitive even in the j)rescnce of substances which prevent the 
luminescence of phosphorus in Mitschcrlich's method. On the 
other hand, it has been almost as frecqucntly asserted ^ as denied ^ 
that under certain conditions volatile substances containing phos- 
phorus may be formed in putrefying organic matter and especially 
brain substance, and that these give the Dusart-Blondlot reaction 
(G. Baumert). Hence this test is not so conclusive as the occurrence 
of phosphorescence in Mitscherlich’s method. 

(c) By expelling the phosphorus in a cur r ml ofmhySrogen. 

Since, according to Blondlot, treatment of the substance to be 846 
tested for phosphorus with zinc and sulphuric acid renders more 
difficult the further exainjnation of the zinc-contaim^g residue for 
other poisons, Dalmon* conducts pure hydrogen through organic 

1 Jjehrhuch der gerichtiictien Ghemie, v<4. I, 2nd od., i». 212 (1907). 

* Selmi, Ber., 9 , 1127 (1876)»: 11, 1«91 (1878); J. von d. Hagen and P. 
Weltering, Cfuim. Zenir., 1893, 11.. 1103 ; V. Stich, Zeitsch. Unkr$. Nahr, Oenuss., 

8, 686 (1900). • , 

• Z. HalAsz, Zeike/L anorg. Chem., 28, 438 (1901); A. Fischer, PfiUger's 

Arch. d. Physiologic, VI, 518 (1903). • 

‘ J. chim. midicalc, 1870 .1^3^) ^eitsch. anal. Ghem., 10 , 132 (18f 1) 
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sfibstances containing phosphorus ; the gas, under these conditions, 
taking up phosphorus. The ignited hydrogen flame is tested as 
described above (p.778) by placing over it a glass tube in the manner 
of the chemical harmonicon. On washing the tube, in which the 
hydrogen charged with phosphorus was burned, with a little water, 
the phosphate ion formed may be detected in the liquid by means 
of molybdate reagent. Neubauer,i who confirms Dalmon’s state- 
ments, also calls attention to the fact that the escaping hydrogen 
charged with j)hosphorus shows a fine phosphorescence in .a dark 
room. 


{(1) By distillation with alcohol. 

847 . If the substance to be examined is immersed in alcohol when 
received, the following method, devised by II. Hager,2 may be 
recommended. The alcohol is removed by distillation on the water 
bath, after the addition of a little sulphuric acid, and of ferrous 
chloride if there is reason for concluding that phosphorus derived 
from phosphorus matches is present. No phosphorescence will 
occur in this process, but the distillate will consist of alcohol con- 
taining phosphorus. On repeating the distillation with fresh portions 
of alcohol, it is possible to separate small quantities of phosphorus 
comjdetely in the distillate. On then filling a test-tube to a third of 
its capacity with water, pouring into it about 10 drops of the alcohol 
charged with phosphorus, and especially the fraction which distilled 
first, and shaking it in the dark, the whole tube will appear to be 
filled with phosphorescent light. The alcohol containing the phos- 
phorus becomes brown or black on the addition of silver nitrate or 
copper sulphate solution, with separation of the respective metal 
phosphides and elementary metals, and formation of phosphate ion. 
A test with lead paper will readily determine whether any hydrogen 
sulphide present was the cause of the formation of the dark pre- 
cipitate. « ^ " 

(e) By extraction hy shaking with solvents immiscible with water. 

.m- On shaking' liquid solvents for phosphorus, which are immiscible 
with water, with aqueous suspensions of organic substances contain- 
ing free phosphorus, the latter is taken up by the solvents, and is left 
as a residue when they are carefully evaporated. For this piu^ose 
it is advisable to add a Vttle water in* order to protect the phosphorus 

‘ Zeitsch. anal. Chem., 10, 132 (1871). * 

* Phann, Zentralh,, 1876, 456 ; Ze»A>cA.t:<na/. Chem., 10, 266 (1871). 



SEC. 207 DETECflON OF ORDINARY PHOSPHORUS 781 * 

from the oiddising action of the air, after evaporation of the solveift. 
Solvents proposed as suitable for this purpose include carbon bisul- 
phide (Selmi,!), ether (Lasaaigne 2 and van Bastelaer S), and petro- 
leum spirit (H. Hager). 4 If the solvents are nearly removed by 
spontaneous evaporation at the ordinary temperature, the residues, 
when poured on to a flat dish in the dark, will, as a rule, immediately 
appear phosphorescent. They may then be submitted to further 
tests by the methods de.scribod above. In order to obtain the 
phosphorus in as pure condition as possible when mixtiures con- 
taining fat are extracted with ether, van Bastelaer recommends that 
the residue, left on evaporating the ether in the presence of a little 
water, should be heated to 50° to 60°, that the resulting melted 
mass containing the phosphorus should be repeatedly shaken with 
concentrated ammonia solution to remove the fat, and that the 
phosphorus, which will not be appreciably attacked in the process, 
should then be washed, first with water containing a little sulphuric 
acid, and then with pure water. 

B. Detection of Phosphite Ion. 

If phosphorus in the free form has not been detected, tests must 849 1 
be made to determine whether the first i)roduct of its oxidation in 
the air, 'phosphite ion, may not be present. For this purpose the 
residue of the distillation in (338) or in (342) or (343) is introduced 
into the apparatus shown in Pig. 57 (p. 778), which has been charged 
and tested as in (344), and a note made whether the presence of 
phosphorus is indicated by the flame coloration of the ignited 
hydrogen (Wohler). If such coloration appears, the aim of the test is 
attained ; if not, the presence of organic substances may be the cause 
of its non-occurrence. Should the flame not be coloured, %he tube 
with a platinum point /is replaced by a U-tube containing a neutral 
solution of silver nitrate, the tap again openec^^ and thfpgas allowed 
to pass for several hours in a slow current throagti the silver solution. 

If phosphite ion was present, a precipitate containing silver phos- 
phide will separate in the silver solution, and may then be further 
examined as in (344).® In this way T. Poleck® succeeded in detecting 

I Ber., 6, 289, * Pharm. Zentralh., 18i30, 360. 

* Zeitach. anal. Chem.y 13, 36fi. * Ibid., 20, 321. 

» The statement of W. Herapath {Pharm. J. and Trans., 1866, 7, 673) that 
phosphoric acid is also reduced by cino and dilute sulphuric acid is absolutely 
incorrect. Cf. the communications of R. Freseniu^ on this point {Zeitach. ancU. 
Chem., 6, 203). » 

• Zeitsch. anal, f'ksm., 30, 52Pi ^ 
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jfiiospliite ion in a dead body three months after death, whereas 
free phosphorus could no longer be detected therein. 

4. Examination of the Inorganic Constituents of Plants, Animals, 
or portions thereof. Manures, etc. (Ash Analysis). 

Sec. 208 . 

A. Preparation of the Ash. 

850. For the purpose of a qualitative analysis, it is usually sufficient 
to incinerate a small portion of the substance to be examined for 
inorganic constituents, after careful purification. This is best done 
in a small earthenware muffle, into which the substance is introduced 
in a small porcelain or platinum crucible, although an obliquely- 
inclined crucible also answers the purpose well, and under certain 
conditions the ignition may also be effected in a small porcelain or 
platinum basin, a wide glass tube (cylindrical lamp glass) being used 
to promote the current of air. The heat must always be kept moderate 
to prevent volatilisation of individual constituents, especially 
chlorides. It is not always necessary to continue the ignition so 
far as to consume all the carbon. In the case of ash which contains 
much fusible salt, e.g. that of beetroot molasses, it is much better 
only to carbonise the mass by the application of moderate but long- 
continued heat, to boil the mass with water, and to complete the 
incineration of the washed and dried residue. The aqueous extract 
obtained must obviously be added again to the ash of the insoluble 
portion, or evaporated to dryness therewith. Full details of the most 
suitable method of incineration will be found in R. Fresenius’ Anlei- 
tung zur quantitativen Analyse. 

*. 

B. Examination of the Ash. 

851. As in the case ,of waters of natural occurrence, no essential 
differences will be shown by the qualitative analysis of the ash of 
vegetable or animal substances, since the inorganic constituents 
which are present in any considerable proportion are the same in 
every case.i'* Leaving out of the questidb certain substances which 
in many cases are only present in small proportion and are absent 
in others, only a quantitative analysis, can be regarded as sufficient 
to characterise an ash, and, as a rule, it may be made without a 

‘ For this reason the analysis of ashes must be dealt with in detail in quanti- 
tative analysis. In this connection reference may be made to R. Fresenins’ 
ArU^iung z,^r quaraitotiven Arwlyee. ^ <* 
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preliminary qualitative analysis, sq^ce the substances to which 
attention must be given are known. i A qualitative analysis of ash 
may always be of value, however, if it is made in such a way as to 
allow of an approximate estimation of the relative proportions of 
the different substances. To differentiate between ashes, it is par- 
ticularly important to determine whicli substances (and what quan- 
tities thereof) are soluble in water and which arc soluble and insol- 
uble in hydrochloric acid. The following method of examination 
is suitable for this purpose : — 

(a) Examination of 'portions soluble in water. 

The ash is boiled with water, the liquid filtered, and the filtrate 862 . 
examined as follows, while the residue is being washed. 

1. A portion is heated, treated with hydrochloric acid in excess, 
again heated and allowed to stand. Effervescence indicates the 
presence of alkali carbonates ; an odour of hydrogen sulphide indi- 
cates the presence of a sulphide of an alkali metal formed from a 
sulphate by the reducing action of the carbon. A turbidity, due to 
the separation of sulphur, and an odour of sulphur dioxide point to 
the presence of thiosulphate (occasionally found in coal ash). The 
liquid is filtered, if necessary, and treated with barium chloride. A 
white precipitate indicates sulphate ion. 

2. A portion of the liquid is evaporated to a small volume, and 858 * 
rendered just acid with hydrochloric acid (effervescence indicates 
carbonate ion), a few drops tested for borate ion by means of turmeric 
paper (Sec. 109, 5), the main solution then evaporated to dryness, 

and the residue taken up with hydrochloric acid and water. A 
residue indicates silicic acid. It is filtered off, and a portion of it 
repeatedly evaporated nearly to dryness in a porcelain bapm with 
nitric acid, and tested for phosphate ion by means of ammonium 
molybdate solution (Sec. 107, 10). ^ 

3. A portion is treated with silver nitrate . olution as long as a 854 . 
precipitate forms, then gently heated, and ammonia solution cauti- 
ously added. If a black residue is left, it is silver sulphide (derived 
from an alkali sulphide or thiosulphate). The ammonia "^al solution. 

^ If, under exceptional circumstances, the analysis should be extended to 
include metals which are reducible^pn charcoal and volatilise at the temperature 
of ignition [e.g. arsenic, zinc, cadmium, lead), but which can only be found in 
plants or animals under very dettnitt} conditions, the stibstance under exami- 
nation, instead of being iucinorate^l, should bo treated with hydrochloric acid 
and potassium chlorate (301), or by one 9 ! the other methods for the destruction 
of organic substances describiwi in ^^84). 
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Altered if necessary, is treaty! with nitric acid in slight excess, so 
that the silver phosphate first formed is re-dissolved, and only silver 
chloride (iodide or bromide) is left. The precipitate is filtered off 
and the filtrate carefully rendered exactly neutral with ammonia. 
If a pale yellow precipitate is formed, the phosphate ion formed in 
(353) is present in the ash as ortAophosphate, whilst if the precipitate 
is white it is present as pyrophosphate. ^ Portions of the aqueous 
solution of the ash are tested for iodine and bromine ions, and 
eventually for chlorine ion as in (178) and (180).2 
855. 4. A portion is heated with hydrochloric acid, rendered alkaline 

again with ammonia, treated with ammonium oxalate, and allowed 
to stand. A white precipitate indicates calcium. The liquid is 
filtered, and the filtrate treated with ammonia and sodium ammonium 
hydrogen phosphate ; a crystalline precipitate, which is often only 
perceptible after the liquid has stood for some time, indicates mnq- 
nesium. (Magnesium ion often occurs in the aqueous solution in 
distinctly appreciable quantities, and calcium ion only in very minute 
traces, even when carbonates and phosphates of the alkali metals 
are present.) 

5. Tests for ‘potassium and sodium are made as in 8ec. 173, and 
also, according to whether magnesium is present or not. as in (108) 
or (169) and (170). 

6. Lithium, which is present in ashes much more frequently than 
was formerly believed to be the case, and rubidium, which almost 
invariably accompanies potassium, are most easily detected by means 
of spectroscopic analysis (Sec. 22) in the residue consisting of alkali 
salts. 


{h) Examination of the portion insoluble in water, 

856. 1 . The greater portion of the ash which has been exhausted with 
water is heated (after further incineration if it contains much 
carbon) vdth hydrochloric acid (effervescence in this process 
indicating carbonate ion in combination with alkaline earth 
metals, and evolution of chlorine, ynamjane^e oxides). The whole 
is then evaporated to dryness after the addition of a few drops 
of dilute sulphuric acid, and the residue heated somewhat more 

^ Pyrophosphate ion can only be found iq^such ashes as contain no carbonate, 
or at most very small quantities thereof. 

• To test with certainty for halogen ions in animal or vegetable substanoea, 
separate portions must Kj carbonised aftqr the addition of sodium carbonate 
and the aqueous extracts of the resulUng residues ei-amined (r/. R. Fresenius’ 
Anleitung^pir quaniitativen itiuilyfie, IlV) , 
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strongly on an asbestos plate or sand bath to separate ailu^ 
acid, the residue moistened wit6 hydrochloric acid containing 
a little nitric acid, and the liquid heated, diluted with water, 
and filtered from the insoluble residue. The latter is washed 
with water, and the filtrate and residue then tested as follows : — 

(a) Solution. 867 

(aa) A portion of the liquid is tested with hydrogen sulphide. 

If any precipitate, other than a pure white one, is 
produced, it may be examined by the ordinary analy- 
tical methods. (Plant ashes sometimes contain copper, 
and, under some conditions, also lead.) 

{bb) A portion of the solution is treated with ammonia 
solution until the resulting precipitate no longer dis- 
appears when stirred, and ammonium acetate and a 
little free acetic acid then added, so as to render the 
reaction decidedly acid. In most cases this produces 
a white precipitate of ferric phosphate, wliich, under 
certain conditions, may be mixed with a little aluminium 
phosphate. It is filtered olT, washed, and heated with 
pure hydroxide solution, the liquid filtered, and the 
filtrate tested for aluminium ion by acidifying it with 
hydrochloric acid and heating it with ammonia. If 
necessary, the residue insoluble in potasHiiun hydroxide 
solution may be dissolved in hydrochloric acid, and the 
solution tested for ferric ion by means of potassium 
thiocyanate. If the liquid filtered from the preci- 
pitate (which consists solely, or in the main, of ferric 
phosphate) is reddish, more ferric ion is present than 
corresponds to the phosphate ion ; if it is colourless, 
ferric chloride solution is added drop by dlOp until 
the liquid a])pear8 red. From the amount of precipi- , 
tated ferric phosphate an estima];e may be formed of 
the quantity of phosphate ion plissent. The liquid, 
which was originally reddish, or has been made so by 
the addition of ferric chloride, is heated to boiling point 
(if this does tiot render it colourless a niiSle more am- 
monium acetate must be added, and the boiling 
repeated) and^ filtered while hot, and the filtrate 
neutralised with ammonia (any material excess being 
avoided) and again filtered, if*necessary. The filtrate 
is treated with yeliew ammonium sulphide in a boiling 
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flask, which it jj^early Alls, the flask then closed and 
allowed to stand for some time, and the resulting 
precipitate filtered off, and tested as in (143) et seq. 
for manganese and zinc, which latter is exceptionally 
present in ashes. The liquid which has not given a 
precipitate with ammonium sulphide, or the filtrate 
from a 2 )recipitate produced by that reagent, is tested 
for calcium (with which a little strontium may be mixed) 
and for magnesium as in Secs. 171 and 172. 

ifi) Residue. 

The residue insoluble in hydrochloric acid contains the silicon 
dioxide separated by the treatment with hydrochloric acid, any 
barium present, the greater portion of any strontium present, and 
possibly some lead, in the form of sulphates, and lastly the original 
insoluble constituents of the ash itself. In the case of most ashes 
these consist of sand, clay, and charcoal, i.e. of substances due to the 
imperfect purification or combustion of plants, etc., or derived from 
the crucible. Only in the case of the very silicious ashes of cereal 
haulms, etc. , is a portion of the real ash not completely decomposed 
by hydrochloric acid. 

The washed residue is boiled for some time with a solution of 
sodium carbonate, the liquid filtered while hot, the residue washed 
with boiling water, and silictc acid detected in the filtrate by evaporat- 
ing the latter with hydrochloric acid as in Sec, 115, 3. The insoluble 
portion of the residue is heated with very dilute nitric acid, and the 
resulting solution tested for lead, barium., and strontium ions by the 
ordinary methods. 

If t^e ash was completely decomposed by hydrochloric acid, this 
part of the examination may usually be regarded as complete (for it 
is seldom ^ matter of interest to make a further examination of 
adventitious adniii^tures of clay and sand by fusion methods) ; but 
if the ash was rich in silicic acid (a fact suggesting that it was not 
completely decomposed by hydrochloric acid), half of the insoluble 
matter lcft< When the residue was boiled with sodium carbonate 
solution, and then extracted with nitric acid and washed, is evapo- 
rated to dryness with excess of pure *M>dium hydroxide solution in 
a silver or platinum basin. By this treatment the silicates of the ash 
are decomposed, whereas any sand present is but little attacked. 
The new residue is acidified with hydrochforic acid, the liquid 
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evaporated to dryness, and tests apf>lied as in (356). For the' 
detection of alkali metal ions in the portion of the ash insoluble in 
water, the other half of the above-mentioned washed residue is 
examined as in (228). If alkali metal ions arc found here, however, 
they can only be regarded as part of the real ash, if the latter was 
free from clay and other impurities wliich might possibly contain 
alkalis. 

2. The remainder of the ash which has been extracted with water 859b 
may be tested lot fluorine ion as in Sec. 111,7, but since, during the 
incineration, substances containing fluorine are lost (Tammann i), and 
the residual portion may, under certain conditions, be partly dissolved 
by water, it is essential, when a definite decision is required as to 
whether an animal or vegetable 8ul)stance contains fluorine, to heat 
a separate portion of the substance with pure potassium or sodium 
hydroxide solution, to evaporate the mixture to dryness, and to 
incinerate the residue. The residual ash is then tested as in Sec. 

Ill, 8. 


* Zeilsch. (Hull. Chem., 24, 342. 



CHAPTER HI. 

EXPLANATORY NOTES AND ADDITIONS TO THE 
PRACTICAL PROCESS. 

I. Notes on the Preliminary Examination. 

From Secs. 150 to 152 inclusive. 

It is frequently possible, as mentioned above in (1), from a 
consideration of the physical properties of a substance, especially 
when it is not a mixture, to draw a definite conclusion as to its general 
nature. If, for example, a substance is white, the inference may be 
drawn that it is not cinnabar ; if it is light, the presumption is that 
it is not a lead comj>ound, and so on. 

Such inferences frequently lead more raj)idly to the end in view, 
and are therefore more trustworthy and advisable, so long as they are 
confined to generalities. When, however, they exceed this limita- 
tion, they easily become guesswork, for preconceived opinions are 
formed which almost invariably lead to inaccurate results, owing to 
their tendency to make the observer blind to the occurrence of 
reactions which point in the opposite direction. 

2 • In order to test the behaviour of a substance at high tempera- 
tmes, a small spoon of iron or platinum foil, a crucible lid, or a small 
porcelain basin may be used, instead of a sealed glass tube (3), but 
. the results obtained in a tube can usually be observed more readily, 
whilst the nature, of any volatile substances can be ascertained more 
easily, and ther(5’ is less chance of their escaping detection. Some- 
times it is advantageous to heat a portion of the substance in a short 
glass tube open at each end, and slightly constricted at the bottom, 
the tube Lemg held in a slanting position, or to heat it in a glass tube 
bent at an obtuse angle {i.e. in a current of air), so as to gain informa- 
tion concerning any oxidation products which may be formed. 
Small quantities of a metal sulphide, for example, may thus be 

1 Theae rubric numbers are used ijj th(j,8ame way as in the systematic course, 
to facilitotc the cross refesJnees ; in all references they are prefixed by “ No.” 
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readily detected (Sec. 124, 8). Arseirfc and antimony compounds 
yield sublimates of the oxides (sometimes in the case of arsenic mixed 
with elementary arsenic, and always accompanied by an odour of 
garlic). 

The method of determining the behaviour of the substance when 
heated depends upon the circumstances. If there is a possibility 
of an explosive substance being present, it is advisable to heat only 
a small amount upon a crucible lid, or the like. If the odour of the 
escaping vapour is to be observed, it is often preferable to use a basin 
or crucible lid rather than a glass tube, whereas the formation of a 
sublimate may be seen better in a tube. If a substance, when heated 
in a glass tube, yields vapour (8) or a sublimate (9), care must bo 
taken, in noting the odour of the vapour there formed or produced 
when the substance is heated on charcoal (11), not to inhale any 
considerable rpiantity of tlui injurious vapours of mercuric salts or 
other volatile poisonous substances. 

If the preliminary examination shows that organic substances 8 
(possibly mixed with inorganic substances) are present (8, kJc), (10), 
(2G), it is necessary in many ca.scs to make use of other methods, not 
corresponding with the ordinary conception of qualitative analysis for 
tlieir qualitative examination. For the identification of such sub- 
stances, the methods of organic chemistry mus<- be utilised — methods 
which in many cases are based uj)on a determination of physical 
constants (melting-point, boiling-point, etc.), or also of chemical 
constants ([lerccntage, composition as estimated by elementary 
analysis, or molecular weight, sajmnification value, etc.), which 
cannot be dealt with here. 

In view of the large number of compounds, the ta.sk of ascertaining 
the nature of any given organic substances appears extraord'paiily 
difficult. In the majority of cases, however, conclusions may be 
drawn from other circum.stances, such as the origin, use, stc., as to 
the kind of substances which might possibly be present, so that then 
the number of substances for which tests must be applied is materi- 
ally reduced. In this book only the organic acids of moi’e frequent 
occurrence (and the more imjiortant alkaloids) are dealt ith. Hence, 
it is only for the detection of these that the systematic course 
described is applicable. ^ 

With regard to the blowpipe tests (11) to (17) especially, 4 
beginners must be warned net to^infer too mu<^ from the results, for 
it requires considerable practipa vp produce the phenomena with 
certainty, and some experience ts. indispensable for thei« correct 
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•interpretation. In particulat we niay call attention to the fact that 
illuminating gas only gives a luminous true reducing flame when it is 
sufi&ciently rich in hydrocarbons (does not contain too much water 
gas). If this is not the case, the defect may be remedied by the intro- 
duction of carbon into the gas (p. 76). 

5* Lastly, as a matter of experience, it may be mentioned that 
many beginners, witli the idea of saving time and trouble, attempt 
to ascertain the nature of a substance by means of the actual exami- 
nation, while entirely omitting the preliminary examination. Instead 
of demonstrating the unwisdom of this view, it need only be mentioned 
by way of illustration that those obsessed by such an idea may be 
seen spending hours in searching for all the organic acids, only to 
discover at last that none of them is present. And all this trouble is 
taken merely to save time and trouble ! Especially, however, 
should the attention of beginners bo directed to the increase of 
knowledge which will result from practice, observation, and drawing 
conclusions directly from the preliminary examination, and by 
which it will be seen that the results here obtained, although often 
only of general applicability, must never be contradictory to the 
specific results of the actual examination. 

n. Notes on the Solution of Substances, etc. 

Secs. 153 to 156 inclusive. 

6 « If we consider the characteristics of the classes given in (31), 
into which substances, with the excej)tion of elementary metals, 
may be grouped in accordance with their behaviour towards solvents, 
the classification appears to be more sharply defined than is really 
the ca^sc. This indefinitencss is due to the sparingl)- soluble substances 
occujiying a position on the boundary line, and frequently causes the 
' beginner ^to draw erroneous conclusions. Hence some further 
details of this^geijeTral classification must be given. 

The most difficult question is to determine exactly which sub- 
stances are to be regarded as soluble and which as insoluble in water, 
since a verj' barge number of substances are only very slightly soluble 
in water, whilst absolutely insoluble substances do not exist, and the 
transitions are gradual. Calcium sulphate (soluble in about 450 
parts of water) might, perhaps, be adopted as the limit, since it can 
be identified with gr^at certainty in aqueous solution by means of 
the sharp reagents for calcium and sulphate ions at our disposal. 

Whe^ an aqueous hquid is evaporated to a small volume to 
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ascertain whether it contains a 8oli<> substance in solution, a veiy 
trifling residue is often left, and the conclusion to be drawn from it 
is doubtful. 1 In such cases the reaction of the liquid is first deter- 
mined by means of litmus paper, then a portion is tested with a drop 
of barium chloride solution, and finally a little sodium carbonate 
solution is added to a second portion. If these reagents cause no 
change, and the liquid is also neutral, it is, as a rule, unnecessary 
to apply any further testa. The conclusion may be drawn that the 
substance from which the slight permanent residue left on evapora- 
tion was derived may be more readily identified in the substances 
insoluble in water, since both the cations and anions which prin- 
cipally form sparingly soluble compounds may be detected by the 
sensitive reagents used. 

If, in the examination of mixed substances not completely soluble 
in water, something has dissolved, it is best to apply separate tests 
for the cations an<l anions to the aqueous solution, since by such 
means the nature of the compounds present may be more easily 
ascertained and with greater certainty — two advantages which out- 
weigh the drawback of having to test for the same substance in both 
aqueous and acid solutions. 

Substances practically insoluble in water but soluble in hydro- 
chloric or nitric acid include, although with exceptions, phosphates, 
arsenates, arsenites. borates, carbonates, and oxalates (except those 
of the alkali metals), also various tartrates, citrates, malates, ben- 
zoates, salicylates, and succinates, oxides and sulj)hides of heavy 
metals, oxides of aluminium and magnesium, many iodides and cya- 
nides, etc. Although nearly all of the.se compounds are decomposed 
by concentrated hot hydrochloric acid, if not by dilute acid (for 
exceptions, sec Sec. 179), yet, in the presence of silver, merQ^Tous, or 
lead ions, insoluble or nearly insoluble compounds are formed in the 
process. This is not the case when nitric acid is used, ^ that com- 
plete solution may often be effected by meaifs,, of *that acid when 
hydrochloric acid leaves a residue. On the other hand, nitric acid 
does not dissolve antimony oxides, tin oxides, manganese dioxide, 
lead peroxide, etc. (in addition to the substances inselujfle in simple 

* If the test is made by evaporating the liquid on the cover of a platinum 
crucible over a free flame, fusible aubstances, such as alkali salts, may easily be 
overlooked until they are observed exactly at the moment of solidification or 
fusion when cooled or heated again. Colourless substanees evaporated in 
porcelain dishes may also easily Ixf missed when they are only present in sm^ 
proportion, and the test & mode ever a free flame. Evaporations on a clock- 
glass can only be carried out on^tbo wStw bath or on an asbestos pl%t«. 
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a6ids in general), and dissolves many others {e.g. ferric oxide and 
aluminium oxide) less readily than hydrochloric acid. 

Briefly stated, the method of treating substances insoluble in 
water is, therefore, as follows : An attempt is made to dissolve them 
in dilute or concentrated hot or cold hydrochloric acid ; if no solu- 
tion or only partial solution takes place, another portion of the 
substance is treated with nitric acid ; if this is also unsuccessful, the 
substance is treated with aqua regia, which is a particularly suitable 
solvent for metal sulphides. A separate examination of a hydro- 
chloric or nitric acid solution, or of a solution in aqua regia, is, in 
most cases, neither necessary nor desirable. The preparation of an 
aqua regia solution, when the nature of the substance does not make 
it essential, is also undesirable, since a hydrochloric acid solution is 
much more suitable for hydrogen sulphide precipitations. Hence, 
in many cases, when the substance does not dissolve completely in 
acid, the preparation of an aqua regia solution may be avoided, and 
it is usually possible to prepare a hydrochloric acid solution, and to 
examine the residue as in Sec. 179. Some experience is required to 
decide whether this is practicable, and absolutely definite rules 
cannot bo given here. An indication is obtained by washing the 
substance which has been exhausted with hydrochloric acid, treat- 
ing it with aqua regia, and eva 2 :)orating the liquid separated from 
the insoluble residue to see whether anything further has been 
dissolved. 

If this test is to be used, it is advisable in the examination accord- 
ing to (40) not to use the whole of the substance which has been 
treated with concentrated hydrochloric acid, but to filter off and 
wash a portion thereof. In concentrating an aqua regia solution by 
evaporation, to remove the excess of acids, it must be borne in mind 
that volatile chlorides (e.g. mercuric chloride) may be volatilised, at 
‘ all events partially, at the same time. Hence, the amount of acid 
mixture used fot prje{)aring the solution should only be just sufficient 
for the purpose. 

Solutions obtained by means of hydrochloric acid usually contain 
metals in tlip state of valency in which they were originally present 
(peroxides and oxides closely related to them form exceptions, as 
do also mercurous compounds, since mercurous chloride, when boiled 
for a long time with hydrochloric acid, is gradually decomposed into 
mercury and mercuric .chlorides), ff, however, solutions are pre- 
pared by means of nitric acid or ,aqug, regrta, «oxidation8 frequently 
take placer divalent iron, 'for exam^e, Is , converted into the trivalent 
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condition, divalent into tetravalent tfn, and trivalent into penta- 
valent arsenic ; this must always be borne in mind. 

If colloidal silicic acid separates in the course of the treatment 7 . 
with acids (33, c) (38), it is necessary to decide from the conditions 
whether merely the presence of natural silicates is indicated, in which 
case the process described in Sec. 182 is followed, or whether, in 
addition to the constituents which experience has shown only to 
occur in such minerals, there may not also be present other sub- 
stances (e.g. in the case of artificial glass fluxes, enamels or the like, 
or of mixtures of silicates with other substances). In this case the 
examination of the solution and of the residue must not bo restricted 
to the substances mentioned in Secs. 181 to 184, but the compre- 
hensive course given in Sec. 164 et seq. and in Sec. 179 must be 
followed. 

In connection with the solution of elementary metals and alloys 8 . 
(43), it should be noted that when these are boiled with nitric acid 
they sometimes yield white precipitates, even when the metals 
mentioned in (44), i.e. tin or antimony, or even silicates, are not 
present. These precipitates are often mistaken by beginners for 
oxides of the elements mentioned, although they have quite a 
different appearance. They are salts of nitric acid, which arc only 
sparingly soluble in the nitric acid present, but are readily soluble 
in water. Before concluding that an insoluble white residue is duo 
to tin, antimony, etc,, it is advisable to see whether it does not 
dissolve in water. 

m. Notes on the Actual Examination. 

Attention must be directed here to many jjoints which,' In order 
not to interfere with the general survey, could not be dealt ' uth, or 
only briefly touched upon, in the course of the analysis. It will also , 
be shown briefly, and in small type, how the analytical scheme is 
extended when elements or compounds of rarer occurrence have to 
be taken into consideration in an examination. 

General notes on the coufse of analysis for simple cdtftjjounds. 

Sees. 157 to 163. 

As was pointed out on p. 546, the course of analysis for “ simple 0* 
compounds ” is really only an iiistructional c^ourse, since there is no 
external criterion by which a simple compound may be recognised 
definitely as such, and henc^ m ffhe examination of really^ unknown 



794 EXPLANATORY NOTES AND ADDITIONS ch. hi 


sabstances there can obviouakf never be any certainty that only one 
cation and one anion is present. It is, however, very suitable as an 
introduction to systematic analysis, because it sets before beginners 
at the outset only a limited task, the execution of which and the 
deductions to be drawn from the results can be more readily grasped. 

As the object of the course for simple compounds is instruction, 
only the ordinary conditions are taken into consideration, and 
particularly complicated cases are not brought to the notice of the 
beginner, in order not to confuse him. 

As a rule, the salts are to be regarded as neutral, although 
obviously an oxide or a free acid may be presented for examination. 

At first it is advisable only to set the task of detecting the 
cation in an aqueous solution {cf. Appendix IT.). When a know- 
ledge of the methods used for this purpose has been acquired, the 
examination of simple compounds in solid form may then be under- 
taken. 

The aim of these analytical examinations is not to discover as 
rapidly as possible what substance is present, but to gain practice 
in observation and in drawing correct conclusions, to become really 
acquainted with the course and thoroughly familiar with the pro- 
perties of the substances to be examined — their appearance, behaviour, 
and solubility. Hence, the preliminary examination and the deter- 
mination of the behaviour of the substance towards solvents is now 
associated with the actual examination, and the conclusions drawn 
from the former, which are sometimes only of a general character, 
are compared with the results obtained in the actual examination. 

In particular, attention may be drawn to the use of the solubility 
Table I. (Appendix IV.), in deciding which anion may be combined 
with t!l^c cation found (Secs. 158, 159, 161, 162, in each case at the 
beginning or in the preceding general survey), and also because the 
* use of thisjbable impresses upon the mind the solubility proportions 
of the actual saLts,,>^hich are not really investigated. 

10. The condition that only one cation and one anion shall be present 
is only really fulfilled in the case of ahsoVutely pure substances. In 
practice, it ^isc frequently impossible to, avoid having the material 
imder examination contaminated with very minute quantities of 
impurities. 

In such cases, the use of the different reagents may, under certain 
conditions, produce precipitatee {i.e, faint reactions), which are 
not due to the actual substance under Examination, or do not indicate 
its pre8en(;e. These may 'be ignored. • ^fter a little practice it will 
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be found easy to distinguish such faint reactions from those whith 
are really significant. A quite general .indication is afforded by the 
fact that when a solid substance has originally been dissolved, the 
amount of any precipitate formed must be approximately as much as 
the amount of substance contained in the quantity of solution 
taken. 

General notes on the analytical course for mixed coimpounds. 

Secs, 164 to 179. 

An analytical course for mixed compounds should be applicable 11. 
to all conceivable cases. If, however, attention had always to be 
directed towards every possible substance, the course would become 
so overloaded with details, which in most eases would be of no 
importance, that it would lose in clearness of outline, and would 
become much more circumstantial and tedious than is necessary for 
ordinary purposes. 

Hence, in Chapter II. the elements and compounds of rarer 
occurrence arc not included (although they are dealt with in thcM 
notes) ; further, in the examination for cations, for example, the case 
is taken into consideration of all the anions simultaneously present 
not being particularly noticeable, whilst allowance is also made for 
the difficulties caused by the anions in certain cases. In like manner, 
both in the case of the cations and of the inorganic anions, the more 
simple case is presented in wdiich organics substances arc not present, 
whilst at the same time directions are given as to the special pre- 
cautions which arc necessary when they are present. This method 
of treatment not only enables the abbreviated course to be used in 
practice under simpler conditions, but also makes the student 
familiar from the first with a scheme of analysis which he can more 
easily grasp as a whole. ' • 

The process for the detection of diffcrr it^ substances in the 12, 
presence of each other in the same solution is based in the examina- 
tion for cations upon the complete separation of all the members 
belonging to a group in the form of a precipitate, so that the filtrate 
is free from them, and upon the removal of the substances still in 
solution, by washing the precipitate to remove the last adhering 
portions of the filtrate. It "Is, therefore, a primary essential that 
both the precipitation and thy, washing should be complete, and it 
is consequently necegsary to* prove that tliis condition has been 
complied with, on the one^b^nd,’’by addfcig a small amount of the 
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pieoipitant to the filtrate, anfi, on the other hand, by testing the 
washing water (see p. 42). 

If this is not the case, the conclusions drawn from the subsequent 
examination of the different precipitates will often be uncertain or 
entirely false, because they are only justified on the assumption that 
a precipitate no longer contains any substances which cannot be 
precipitated by the reagent used to produce it, or that a solution is 
free from substances precipitable by the precipitating reagent 
previously used. If, for example, a solution contains lead and iron 
ions in addition to Group VI., it will yield a black precipitate with 
hydrogen sulphide. If this precipitate is not thoroughly washed, 
prior to treatment with ammonium sulphide, the iron ion will also 
be precipitated from the adherent solution, and, on treating the nitric 
acid solution of the residue with ammonia at the point where bismuth 
ion is to be precipitated, a yellowish-brown precipitate of ferric oxide 
will be obtained instead of a white precipitate, and will mask any 
precipitate of bismuth hydroxide present, or at all events interfere 
with conclusions. Or, if a solution which contains barium ion in the 
presence of cupric ion is treated with hydrogen sulphide, and the 
precipitate is not thoroughly washed, a precipitate of barium sul- 
phate will be obtained on subsequently testing the nitric acid solu- 
tion with sulphuric acid, and may be mistaken for precipitated lead 
ion. Or, again, if lead and zinc ioas are simultaneously present in a 
solution, and if (e.g. owing to acidity being too high) the lead ion is 
not completely precipitated with hydrogen sulphide, the addition 
of ammonium sulphide to the filtrate will produce a black precipitate, 
which is only partly soluble in dilute hydrochloric acid, and the 
insoluble portion of which might bo taken for cobalt or nickel sul- 
phide (^Hhough the fact that the solution was colourless is opposed 
to such conclusion). 

18#*’ In making analyses of mixed compounds, it is in practice neces- 
sary, after the iiiair ^essentials of the process have been grasped, to 
accustom one’s self to make several examinations at the same time. 
Thus, when a precipitate has been obtained with a group reagent 
{e.g. hydrogen sulphide), a further test may be made immediately 
after the filtration of the first portion, to determine whether a pre- 
cipitate is produced in the filtrate by ammonium sulphide, and, if 
not, by ammonium carbonate. After filtration of a solution, the 
next precipitate may be produced in the filtrate at once, without 
waiting until the first precipitate is completely washed. In like 
manner, two or three such^ group prfecifAtates may be simultaneously 
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subjected to further treatment. It essential for this treatment, 
however, that the general grasp of the whole examination should 
not be lost, and that some method of recording the observations 
should be adopted, in which, as soon as an operation is finished, the 
results obtained may be entered in the appropriate place (see 
Appendix III.). 

Special Notes and Additions 
To Sec. 157 (46-49) and Sex). 164. 

Directions were given at the beginning of Secs, 157 and 164 to 14 . 
treat neutral or acid ac^ueous solutions with hydrochloric acid. It 
is best to do this drop by drop. If no precipitate is formed, a small 
addition is usually siiUicicmt, because at that stage the liquid is only 
acidified to prevent the precipitation of metals of the fourth group 
by hydrogen sulphide. If a precipitate is formed, a new portion 
might be taken and acidified with nitric acid, as has been recom- 
mendtid by others. But, apart from the fact that in many cases 
tills will also ])roduce a precipitate, e.g. in a solution of potassium 
antimonyl tartrate (tartar emetic), we prefer the use of hydrochloric 
acid, i.c. the complete precipitation of substances precipitablo 
thereby, for three reasons. Firstly, metal ions are more readily 
precipitated from a solution acidified with Jiydrochloric acid than 
from one acidified with nitric acid ; secondly, the subsequent analysis 
is material 1}' facilitated wdicn silver, mercurous, or lead ions are in 
solution, by the complete or partial precipitation of those metals 
as chlorides ; and thirdly, it is not possible to separate these three 
cations in a form more suitable for identifying them in the presence 
of each other than that of chlorides. Moreover, the use of hydro- 
chloric acid obviates the necessity for further tests as to ^whether 
any mercury ion detected among the metals of the fifth group was 
present as mercurous or mercuric ion. The fact that Jead ion, if' 
present in considerable quantity, will he foiA^d both among the 
chlorides and in the precipitate produced by hydrogen sulphide in 
acid solution can hardly* be cited as an objection to this* method, 
since the examination for qther members of the fifth, .*and also of the 
sixth grou}), will only be facilitated by the removal of most of the 
lead from the solution at the outset. 

The precipitate of the twcT insoluble chlorides and of the sparingly 16 . 
soluble lead chloride produced.in neutral or acid solutions (102) to 
(103) may also contain antiihonvl chloride, SbOCl (separated, e.g. 
from tartar emetic or an analogous cfimpound), also^ bismuthyl 
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chloride, and, if the solution was concentrated, also barium chloride, 
metastannic chloride, and, silicic acid ; and, if the solution contained 
any of the organic substances which have to be taken into con- 
sideration here, cinnamic, benzoic, or salicylic acid may also be present 
in the precipitate. Antimonyl chloride and bismut hyl chloride are 
re-dissolved on increasing the amount of hydrochloric acid. They 
have, therefore, no influence on the further examination. Barium 
chloride, metastannic chloride, benzoic acid, and salicylic acid are 
not precipitated from dilute solutions, and if the directions given are 
exactly followed, none of these substances will be present in a per- 
manent precipitate. Silicon dioxide is gelatinous ; in the excep- 
tional cases where it is not precipitated by hydrochloric acid from 
an alkaline solution, the method given in (60) is used in the case of 
simple compounds, and that given in (106), footnote 2, in the case 
of mixed compounds. If organic substances arc present, the pre- 
cipitate is treated with ether. If it dissolves completely, mercurous, 
silver, and lead ions are not present. If it does not dissolve com- 
pletely, the precipitate, thus freed with ether from organic substances, 
is tested as in (47), (103), or (106). It is neither necessary nor desir- 
able to heat the liquid after the addition of excess of hydrochloric 
acid, since this might convert mercurous chloride, if precipitated in 
small amount, into mercuric chloride. 

On washing the precipitate produced by hydrochloric acid, a 
turbidity or a precipitate may be formed when the washings are 
added to the first filtrate, if bismuthyl chloride, antimonyl chloride, 
lead chloride, or metastannic chloride is present, this occurring in the 
presence of bismuthyl or antimonyl chloride when the amount of 
hydrochloric acid present is not sufficient to prevent the separation 
of the \iasic salts which cause the turbidity ; whilst in the presence 
of lead chloride or metastannic chloride, it takes place when the 
'^chlorides, which have been precipitated and re-dissolved by washing 
with water, enoountfcr a sufficient quantity of hydrochloric acid in 
the filtrate to cause re-precipitation. Whether a precipitate is 
produced or not, the further course of thb analysis is not altered ; 
for these finely- distributed precipitates are converted into sulphides 
as readily as though they were metal ions in solution. 

The presence of barium chloride in the precipitate produced by 
hydrochloric acid may also, when removed by washing, cause a tur- 
bidity in the filtrate. But since this re-dissolves on further dilution 
with water, it does not interfere with the intelligent completion of the 
analysis. 



799 


8108. 167, 164 USE OF HYDEOCHWItlC ACID 

If the precipitate which was treaty with excess of hydrochloric 
acid and washed contained benzoic or salicylic acid, these acids 
would be dissolved in the subsequent treatment with hot water at 
the same time as lead chloride, but would not interfere with the 
detection of lead ion in this solution. 

On adding hydrochloric acid to an alkaline solution, (104) to (108), 16. 
care must be taken to continue the addition, dro]) by drop, until the 
liquid has a strong acid reaction. The substance causing the alkaline 
reaction is neutralised by the acid, and the substances kept in solu- 
tion by, or combined with, it are precipitated. If alkali compounds 
of the nature of zincates or aluminates were present, these may also 
be precipitated here, e.g. zinc or aluminium hydroxide, etc. These, 
however, re-dissolve in excess of hydrochloric acid, whereas silver 
chloride or silicic acid is not re-dis-solvcd, and lead chloride only 
with difficulty. If the alkaline reaction was due to a sulpho-salt 
containing a metal in its anion, the addition of hydrochloric acid will 
precipitate a metal sulphide {e.g. antimony sulphide), in some cases 
mixed with separated sulphur ; whilst at the same time chlorine ion 
remains in solution, together with alkali (or ammonium) ion present, 
and hydrogen sulphide escapes ; if it was due to a carbonate, cyanide, 
or sulphide of an alkali metal, carbon dioxide, hydrogen cyanide, or 
hydrogen sulphide will be liberated. All these phenomena must bo 
duly observed, for they not only enable the presence of the sub- 
stances in question to be recognised, but also exclude whole series 
of substances from the examination. Thus, for example, no cations, 
the carbonates of which are insoluble in water, can be present simul- 
taneously with the carbonate of an alkali metal, etc. 

Hydrochloric acid also produces precipitates in solutions which contain 47. 
thallium compounds or alkali antimonates, tantalatcs, niobates, o^ tung- 
states.^ Those duo to antimonic, molybdic, and tantalic acid dissolve in 
excess of hydrochloric acid (the tantalic acid precipitate forming an opales- 
cent solution), whereas thallous chloride, niobic acid and t^n^igstic acid are 
either insoluble or only sparingly soluble on adding such excess. Hence, 
these latter, if present, will renjain behind in the precipitate, which may also 
contain silver, mercurous, and lead chlorides, as well as silicic acid. A 
separation of sulphur occurring some time after the addifio*: of hydro- 
chloric acid, would, if also accompanied by an odour of sulphur dioxide, 
indicate the presence of thiosulphate ion. If there is reason to infer that 
the precipitate produced by hydlbchlorio acid may contain elements of 
rarer occurrence, it should be boiled^ with water, and washed with boiling 

^ Hydrochloric acid pr^ipitates *orduiarT tungstic acid from solutions of 
salts of metatungstic acid, though orijy f^r boilin(;r>for some time. 
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^ater, and the filtrate tested ^or thallium ion by means of potassium 
iodide. (Confirmation is obtamed by means of the spectroscope.) On 
treating the precipitate, thus extracted with water, with ammonia solution, 
silver chloride is dissolved (cither partly or completely), as is also any 
tungstic acid present. On then adding ammonium sulphide to the solu- 
tion, silver sulphide is precipitated, whilst tungsten sulphide is precipitated 
by treating the filtrate from the silver sulphide with hydrochloric acid. 
Mercurous chloride is converted by this treatment into a black mixture 
of very finely divided mercury and mercuric ammonium chloride, which 
may also retain silver chloride (J. Barnes, Moeck) (c/. p. 284). When the 
residue is treated as there described, the metallic silver may bo extracted 
by means of dilute nitric acid, silicon dioxide volatilised by means of 
hydrofluoric acid and sulphuric acid, and the residue of niobic acid left 
after the fusion with potassium hydrogen sulphate dissolved in dilute 
hydrofluoric acid. 

Notes to Sec. 157 (50) to (55), and to Secs. 165 and 166. 

. The separation of the different groups of metal ions by means of 
hydrogen sulphide in acid solution and by means of ammonium sul- 
phide depends upon the fact that the solubility 2)roduct of metal 
sulphides decreases with the rise in the analytical groups, and that 
hydrogen sulphide is only slightly dissociated, whereas ammonium 
8ul])hide is dissociated to a (considerable extent. The result is that 
in the case of Groups V. and VI. the concentration of the sulphide 
ions of the hydrogen sulphide is sufficient to cause the solubility 
product to be exceeded, whilst this is not the case with Groups I. to 
IV. The higher concentration of the sulphide ions when ammonium 
sulphide is used is then sufficient to cause the solubility product to 
bo exceeded in the case of Group IV., but is not sufficient for that 
purpose in the case of the first three groups. But, since in accord- 
ance with the law of mass action, the dissociation of the hydrogen 
sulphide is checked by the hydrogen ions of acids simultaneously 
j)resent, tuid since^the more acid the solutioii of the metal salt the 
fewer will be the number of sulphide ions present, it follows that it 
depends upon the nature and quantity of the acid simultaneously 
present whether, and if so to what extent, hydrogen sulphide pre- 
cipitates the metal ions of Groups V. and VI., whilst, on the other 
hand, when the hydrogen ion concentration is only slight, precipi- 
tation of sulphide in acid solution ^ay occur in the case of certain 
members of Group IV. (zinc ion in very dilute sulphuric or acetic acid 
solution, and to soma extent also iron ions in acetic acid solution). 
It is here to a considerable extent r question of reversible reactions 
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in accordance with the general formulsi ilf “+ 1128^^/8 +2H*, the. 
course of which in the direction from left to right may be influenced 
or entirely prevented by the presence of considerable amounts of 
hydrogen ions, and, on the other hand, requires the presence of an 
excess of hydrogen sulphide. 

In other words, the precipitation of the metal ions of the fifth 
and sixth groups only takes place when the solution does not contain 
too much acid, and a sufficient quantity of hydrogen sulphide has 
been used. These conditions vary somewhat in the case of different 
metal ions. Thus, for example, there is interference with the 
precipitation at a lower acid concentration in the case of lead ion, 
and especially of cadmium ion, than in the case of the ions of the 
other metals. Hence, the separation of Group IV. from Group V. 
is not sharp under all conditions. 

With regard to the practical application of the method, the 
following remarks may be made : — 

1. Hydrogen sulphide must always be used in sufficient quantity ; 
thus when using hydrogen sulphide water, care must be taken that 
it is still in good condition, i.e. that the gas originally i)resent in 
solution has not volatilised or been decomposed by keeping it too 
long or under unsuitable conditions ; the odour should be noted, 
and, if necessary, the action of the solution upon the solution of a 
metallic salt should be tested [cf. p. 73, footnote 5). 

2. There should be a medium and, above all, not too high a 
concentration of hydrogen ions in the solution. 

To satisfy these two requirements, it is well, when examining a 
solution to see whether it contains metal ions of Groups V. or VL, to 
add to a small portion of the solution, previously acidified, several 
limes its volume of hydrogen sulphide water in good condition. 

In testing the filtrate from a precipitate produced by hydrogen 
sulphide, the same procedure must be followed, i.e. a sufficient excess ’ 
of hydrogen sulphide water must be added, and,* if the precipitation 
is incomplete, the liquid is diluted before adding more of the reagent, 
for from what has been said it is clear that if the liquid is too acid 
the precipitation may be incomplete or may not take pl^ce at all. 

The production of a precipitate by means of hydrogen sulphide 19. 
may also be influenced, checked, or prevented by the fact that the 
solution under examination •has an oxidising action upon the 
hydrogen sulphide, in which propess water or hydrochloric acid are 
usually formed, and tlje sulphilr separates in elementary condition. 
There is an especial risk of thi4 happeningGn the case of nitric acid 
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.solutions (particularly thos^ treated with hydrochloric acid) or of 
aqua regia solutions, both when they are strongly acid, and when 
they have been treated at too high a temperature. In this case, the 
sulphur often separates, not in a finely pulverulent condition, but in 
coherent masses (51, 1., b) or (112). It may then mask or envelop 
any sulphide precipitate which has been formed, and render its 
subsequent treatment more difficult, even when eventually complete 
precipitation of the sulphide has occurred. Hence, so far as it is 
possible (c/ No. 6), it is advisable first to heat such solutions until 
they no longer smell of chlorine, then to dilufe them, and to treat 
them in the cold with hydrogen sulphide. 

20. The precipitation of pentavalent arsenic (arsenate ion) by means 
of hydrogen sulphide can only be eft’ected by heating the solution to 
at least 70°. It is, therefore, sometimes advisable (especially when 
a nitric acid or aqua regia solution is present) to add, when practicable, 
an aqueous solution of sulphur dioxide, or another suitable reducing 
agent, to convert the arsenic beforehand into the trivalent condition, 
and so to obviate the drawbacks mentioned above (No. 19). 

21. It is stated in (51) to (55), (112), (113), and (118) that conclusions 
may be drawn from the colours of the precipitates. To do this a 
certain amount of caution and experience is necessary. On the one 
hand, even in the case of simple compounds, traces of impurities 
may cause pale precipitates to appear darker, whilst, in the case of 
mercuric ion, an error may result from the fact that it is only when 
the separation is com})lete, i.e, when a sufficient excess of hydrogen 
sulphide has been added, that really black mercuric sulphide is 
precipitated ; or, again, a white precipitate of sulphur occurring in a 
yellow solution {e.g. containing ferric ion) may be regarded as a yellow 
precipitate. (In both the last two cases errors may be avoided by 
adding a sufficient quantity of hydrogen sulphide, and in the last 
case by heating the liquid.) On the other hand, small amounts of 
pale preci|fitate8 may be masked by the simultaneous separation of 
sulphur (for further details, see No. 27), whilst small quantities of 
dark precipitates may be masked by larger quantities of a yellow 
or orange precipitate. Lastly, under certain conditions, in the case 
of solutionil' containing ions of several metals, precipitates may be 
obtained, the colour of which is not a simple mixture of the colours 
of the individual sulphides. Thus, fo!: example, a mixture of stannic 
chloride and mercuric chloride solutions may yield a fine yellow or 
orange-red precipitate! 

In like manner, a sobition of*^ had saltTn strong hydrochloric 
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acid may give an orange-red precipitate of lead sulpho-chlorid^ 
(which might be mistaken for antimony sulphide) instead of a black 
lead sulphide precipitate. 

Moist sulphides, when exposed to the air, are partially oxidised 22 
to sulphates, which differ from sulphides in their characteristics as 
regards colour, solubility, etc. sulphul'f precipitates must not 

he allowed to remain exposed to the air in the moist condition, because 
difficulties in the further manipulation may then be experienced. 
(Cupric sulphate, for example, may be dissolved during the washing, 
and be encountered in the fourth group, and nickel and cobalt 
sulphides do not remain insoluble during the treatment with hydro- 
chloric acid.) 

If, therefore, it is not possible to deal with a sulphide precipitate 
without delay after the filtration and washing, it is better to allow 
it to remain beneath the unfiltered liquid from which it was pre- 
cipitated. If, however, it is necessary to reserve a precipitate which 
has been filtered off, the tul)e of the funnel should be closed by means 
of a piece of rubber tubing and a spring-clip (or a fragment of glass 
rod may be inserted in the tubing), and the precipitate then covered 
with hydrogen sulphide water or ammonium sulphide solution ; or 
the precipitate may be transferred by means of a jet to a basin or 
beaker, and then covered with the reagent. 

Since, even during the washing, there is some risk of oxidation, 
hydrogen sulphide water should be added to the washing water when 
the liquid passes only slowly through the filter, or when the pre- 
cipitate was formed in an alkaline solution. 

The separation of members of Grouj) VI. from those of Group V. 23 
depends on the formation of sulpho-salts, soluble in water, during 
the treatment of the sulphides of the sixth group with ammonium 
or sodium sulphide. Such sulpho-salts arc only readily formed by 
arsenic and antimony sulphides, and by stannic sulphide, whilst 
stannous sulphide does not form a sulpho-salt with alkali monosul- 
phides. Hence a yellowish alkali sulphide (containing some poly- 
sulphide) must be used. Too large a proj)ortion of polysulphide 
(recognisable by the dark yeiy)W colour) must be avoided . however, 
since otherwise members of Group V. (especially cupric sulphide) may 
also dissolve, but also, in particular, for the reason that so much 
sulphur separates from the filtrlite from the insoluble sulphides of 
Group V. on treatment with hydrochloric acid, that, as a rule, it is 
not possible to observe tiie precipitation of coloured sulphides of the 
sixth group, which may also t^ku pluce. 
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' Grold and platinum sulphides are also not readily soluble with 
certainty in alkali sulphide solution. It is, therefore, necessary to 
anticipate the presence of certain proportions of tin, gold, and 
platinum among the members of the fifth group. 

2^ Since, as has been mentioned, cupric sulphide is not insoluble in 

* ammonium sulphide solution, especially when the latter contains 
polysulphide, it is better to use sodium sulphide for the separation 
of the fifth from the sixth group in the presence of cupric sulphide. 
This can only be done, however, when no mercuric sulphide is present 
in the sulphide precipitate, since the former dissolves to an appreci- 
able extent in sodium sulphide solution, and this would interfere with 
the examination for members of Group VI. Hence, if mercuric ion 
should be present, ammonium sulphide must be used (even when 
cupric sulphide is also present in the precipitate). In this case it is 
only necessary to take into consideration the fact that a little cupric 
sulphide may be present in the sulphides of Group VL, and that 
under certain conditions only cupric sulphide is dissolved. 

This takes place the more readily the more polysulpliide the am- 
monium sulphide contains {i.e. the more yellow it is). But even 
when sodium sulphide is used, some cupric sulphide may be dissolved 
when arsenic or stannic sulphide is present, since soluble double 
sulpho-salts of the arsenic or tin with copper and sodium may be 
formed. 

If the precipitate produced by hydrogen sulphide is not com- 

* pletely washed, and portions of a solution containing metal ions of 
Group IV. still adhere to it, these ions may be precipitated, during the 
treatment with ammonium (or sodium) sulphide, in the form of sul- 
phides, which (even in the absence of members of Group V.) will 
remain insoluble and be mistaken for Group V., or else be mixed 
with it and so cause errors or, at all events, unnecessary work. 

20 If the? solution to be treated with hydrogen sulphide contains 

* mercuric ion, ‘in fddition to stannic ion, it may, under certain con- 
ditions, when directly treated with ammonium sulphide, retain the 
whole of the mercury, together with the '"tin, in solution (presumably 
owing to fht formation of a double svlphide or double sulpho-salt. 
Th. Wilm, Zeitsch. anal. Chem.y 28 , 99 ). In like manner, on treating 
the sulphide precipitate produced by hydrogen sulphide with am- 
monium sulphide, the mercuric sulphide will dissolve more or less 
completely when the. liquid is diluted with loater. If a 10 per cent, 
solution of ammonium nitrate i^, used instead of water, the solution 
of the ne**rcurio sulphide is preveiiteQ., But a portion of tho stannic 
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sulphide will then remain undissolved ^ong the members of Group 
V. (A. R. Cushman, Chem. ZerUr., 1893, II., 775), which point 
must be taken into consideration in Sec. 168. 

Not infrequently when acid solutions are treated with hydrogen 27 . 
sulphide, or also when the ammonium sulphide, which has been used 
for extracting any metallic sulphides of the sixth group, is decomposed 
with hydrochloric acid, precipitates are obtained which have almost 
the appearance of pure sulphur, so that it is doubtful whether they 
should be tested for metals. Jn such cases (when considerable 
amounts of sulphur have not separated in agglomerated masses, as 
happens when hydrogen sulphide is introduced into hot solutions 
containing much strong nitric acid or aqua regia, or on acidifying 
ammonium sulphide solutions rich in polysulphidcs), the result is 
attained with certainty by the method described in the preceding 
analytical course of shaking the liquid with benzene or petroleum 
spirit, which will dissolve the sulphur but not the metallic sulphides. 

This obviates the necessity (excluding the above-mentioned ex- 
ceptional cases) of using the former customary but more tedious 
method of determining whether cations of the fifth or sixth group 
were present, by treating the washed still moist precipitate with a 
solution of bromine in hydrochloric acid, or with hydrochloric acid 
containing potassium chlorate, diluting and filtering the liquid, 
heating it to remove the free bromine, and again testing it with 
hydrogen sulphide. If it is desired to make a further direct ex- 
amination of the precipitate which has been freed from sulphur by 
means of benzene or petroleum spirit (as may be necessary in the case 
of small precipitates), the liquid with the precipitate in suspension 
should be poured on to a moistened filter, the aqueous solution drained 
off, and absolute alcohol poured on to the filter. After the alcohol 
mixture has drained off, the precipitate is washed, first with dlcohol 
and then with water, and used for the further examination. c» 

Of the rarer elements, the following are procipitaltd afi sulphides from 28 . 
an acid solution by means of hydrogen sulphide: Palladium, rhodium, 
osmium, ruthenium, iridium,^ germanium, molybdanum, tellurium, 
selenium, and possibly thaUiuqi.* 

^ The platinum ore metals are precipitated with difficulty by hydr^en 
sulphide. The gas must be introduced for a long time into the hot liquid if 
precipitation is to be effected. Wifti r^ard to the separation of these metals, 
see Mylius and Fdrster {Ber., 1892, 665), and also Mylius and MazzuoohoUi 
(Sec. 86). , ' t 

* Tungsten and vanadium will not^be found in the precipitate when it 
was produced in an acid solution />y pieans of i^^drogen sulphide ; but they 
• o czr 
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^ Separation of sulphur, howcjfver, through the decomposition of hydrogen 
sulphide in acid solution is caused by the following compounds of rarer 
occurrence ; Manganese and cobalt compounds containing the metal in a 
higher stage of valency than the divalent condition, vanadates (accom- 
panied by a blue coloration of the liquid), sulphites, thiosulphates, 
nitrites, chlorites and hypochlorites, bromatcs and iodates. 

On treating the precipitate with ammonium or sodium sulphide, the 
sulphides of the following elements are dissolved (with the sulphides of 
arsenic, antimony, etc.) : Germanium, iridium, molybdenum, tellurium, 
and selenium ; whilst the sulphides of palladium, rhodium, osmium, and 
ruthenium, and also of any thallium which may possibly be present here, 
remain undissolved (together with the sulphides of lead, bismuth, etc.). 

Notes on Sec. 167. 

• The method described in (124) for the separation of gold and 
platinum from the rest of the metals of Group VI. depends upon the 
volatility of the chlorides of arsenic, antimony, and tin, and also of 
the sulphur of the sulphides in a current of chlorine. Since the 
application of such a method is disagreeable and unsuitable for 
qualitative analysis, R. Fresenius proposed to replace the chlorine 
by a current of air charged with the vapours of ammonium chloride 
and nitrate. It is an essential condition of this method that both 
the precipitate and also the ammonium salts should be thoroughly 
dry before they are mixed. If, in spite of this, the mixture appears 
moist, especially after standing for some time, it must again be dried 
at 100°. Explosions may readily occur if the mixture is dried on 
the sand bath or on an iron plate. The residue of gold or platinum 
in the boat does not always show a distinct metallic lustre. More- 
over, frequently it only really dissolves after long heating with 
aqua regia. This must be borne in mind if the noble metals are not 
to be Overlooked. 

» If the metals of rarer occurrence have also to be taken into consideration 
in a precipitate, of the sulphides of Group VI., it should be noted that if 
there is also a question of iridium being present, the same procedure must 
be followed as when the presence of gold a;nd platinum has to be taken 
into account. Iridium also remains in the residue after the heating with 
ammonium ^chloride and nitrate. All tho^ other sulphides are volatilised 
as chlorides. 

may be present if the liquid was treated fir^t with ammonium sulphide and then 
with acid in excess, in which case, however, the sulphides of nickel or cobalt 
would also be found among those of the fifth and sixth groups. Thallium, 
which under ordinary cCJnditions is not precipitated from acid solutions by 
hydrogen sulphide, may be precipitated in associatuon with arsenious or anti* 
monouB sulphide in the form M a solid rolu^ion. 
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On fusion with sodium nitrate and oafbonate (120) and extraction of 
the fused mass with cold water, germanium, t^urium, selenium, and 
molybdenum are also dissolved, together with the arsenic as anions. 

The methods of detecting the rarer elements in the solution, and of • 
detecting iridium in the sublimation residue are given in Secs. 93 to 98. 

Note^ to Se^i. 168. 

The separation of the sulphides of the fifth from those of the 81 • 
sixth group cannot always be completely effected by means of 
ammonium or sodium sulphide, especially in a single treatment ; 
hence, under certain conditions, traces of the sulphides of the sixth 
group may be foimd among the sulphides of the fifth group ; in 
particular, small amounts of gold and platinum sulphides may easily 
be left among them, and this had also to be taken into consideration 
in Sec. 168, especially (133). Since the solution of platinum nitrate 
(which is obtained when the platinum sulphide was precipitated in 
the cold) is brown, the ])re8ence of platinum among the members of 
the fift-h group may sometimes be recognised by the fact that the 
solution obtained by heating the sulphides with nitric acid has a 
brown colour. On evaporating such a brown solution, igniting the 
residue, and heating it with nitric acid, metallic platinum is left, 
whdst the oxides of the other metals dissolve. 

The separation of mercuric sulphide from the other members of 82. 
the fifth group by boiling them with dilute nitric acid is not suc- 
cessful unless the precipitate of sulphides was washed completely 
free from chloride, for otherwise aqua regia is formed, which then 
oxidises and dissolves the mercuric sulphide. Oxidation of mercuric 
sulphide also takes place when the mercuric sulphide is boiled for 
too long a time with nitric acid which is not sufficiently diluted.. 
Under these conditions, however, the mercuric sulphide is not 
directly dissolved, but is first converted into the while compound^ . 
2 HgS 4 -Hg(N 03)2 (Sec. 74, 3). On the other Jiand, traces of the 
other sulphides may readily be masked by the sulphur which separates 
during their solution, thia sulphur frequently appearing black, even 
in the absence of mercuric sulphide. With a little practice it soon 
becomes possible to deteriAine, especially from the specific gravity, 
whether a permanent dark residue left after the boiling with nitric 
acid is mercuric sulphide orcnly coloured sulphur. If, therefore, 
it is a question of not overlooking small quantities of the former, 
every dark residue must be ejiamined as in (i33). 

An insoluble resiifue left ift^r the bp,iling with nitric acid may 88« 



808 EXPLANATORY NOTES AND ADDITIONS oh. ni 


contain the sulphides of gol^ or platinum in addition to mercuric 
sulphide, and also tin oxide, especially when the sulphide precipitate 
contains stannous chloride, or when colourless ammonium sulphide 
was used for the separation of Groups V 2 . and VI. ; tin may also 
readily occur in the residue, for the reason given on p. 804:, No. 26, 
whilst the residue may contain lead sulphate formed from lead 
sulphide. Lastly, when mercury is present, more or less cadmium 
(all if it is only a small amount) may be left in the residue undissolved 
by nitric acid. Hence, under certain conditions, it is necessary to 
test a residue insoluble in nitric acid for all these substances. This 
tedious procedure, however, is only necessary when the elements in 
question have not been found without such tests (if they have to be 
taken into consideration at all, which is not usually the case with 
gold and platinum). The attention of beginners, however, should 
be directed to the fact that the occurrence of an insoluble precipitate 
may be accounted for in this way, even when mercuric sulphide is 
not present. 

84 • For the detection of lead ion the addition of a certain excess of 

sulphuric acid is required, in order that the solubility product may 
be exceeded with certainty, even with a low concentration of the lead 
ion ; at the same time, the solubility of the lead sulphate is increased 
by the presence of nitric acid, and, hence, when a precipitate is 
formed, the nitric acid must be evaporated on the water bath. If 
an absolutely dry mass is left, an excess of sulphuric acid was not 
present, and more of that acid must be added. At the same time, 
too large an excess of sulphuric acid must be avoided, because other- 
wise too large an amount of ammonia will bo required in the subse- 
quent treatment of the liquid. If, therefore, after evaporation on 
the water bath, much thick oily liquid is left, from which nitric acid 
fumes vio longer escape, it is better to expel a considerable proportion 
of the sulphuric acid by heating the residue more strongly. 

With BJgard to the prevention of bismuth) 1 pyrosulphate being 
mistaken for lead sulphate, cf. Sec. 76, 10. To prevent this happen- 
ing, immediate filtration of the residue ffom the evaporation, after 
dilution with water, is advisable. 

A special test for lead in the precipitate produced by sulphuric 
acid is necessary, since it might be due to barium sulphate, which, 
owing to insufficient washing of the ^phide precipitate, could have 
separated at this stage. 

85. If the first hydrogen sulphide "j^recipitate was not thoroughly 
washed, and the solution ^containc^ir<^n ions (br if it is a question of 
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the case mentioned on p. 611, footnote 1), the precipitate produced 
by ammonia will contain ferric hydroiride (possibly in addition to 
bismuth). It will then have a yellowish to brownish-red colour, and 
must be tested for bismuth. But, apart from this, it is also possible, 
under certain conditions, for a precipitate to be produced by am- 
monia, even in the absence of bismuth, e.g, when mercuric ion has 
dissolved during the treatment of the sulphide precipitate (cf. No, 22), 
or when the separation of lead ion as sulphate has not been complete 
(cf. No. 34), or also when aluminium or chromic ion is present, and the 
first hydrogen sulphide precipitate ha.s not been thoroughly washed. 

Hence, even when a pure white precipitate is obtained, it must 
always be specially tested for bismuth by dissolving it in a little 
hydrochloric acid, and adding a large amount of water. 

In the separation of cupric ion from cadmium ion by means of 86 . 
potassium thiocyanate, it should be noted that only cuprous thio- 
cyanate is sufficiently insoluble, so that it is necessary to add enough 
of a reducing agent to convert the whole of the cupric ion into the 
monovalent condition. The colour of the copper j)recipitate is a 
good criterion whether this object has been attained. The precipi- 
tate is relatively very fine, and easily passes through the filter ; hence 
it should he allowed to subside completely (130), and care should bo 
taken during the filtration not to disturb it, or to transfer any material 
quantity of it to the filter. In other cases, in the subsequent pre- 
cipitation of the cadmium ion by means of hydrogen sulphide a 
brownish precipitate is often obtained instead of a pure yellow one, 
so that it remains doubtful whether any cadmium ion is present. 

On the other hand, the presence of cadmium may also be rendered 
doubtful by a separation of sulphur on the addition of hydrogen 
sulphide (129). Such separation may take place when sulphur 
dioxide is used as reducing agent and the excess thereof is riot boiled 
off prior to the addition of hydrogen sulphide water. It should 1: 3 
borne in mind that the detection of cadmiunt ion is less sharp when 
the liquid contains a considerable amount of free hydrochloric acid. 

But not only may the presence of cupric ion cause a j^recipitate 
obtained in (129) to be of a dark colour, but other members of 
Group V. may also have a^disturbing influence here, should they have 
been overlooked in the examination, or have been incompletely 
separated. If, however, a Idack precipitate is obtained in (129), a 
further examination must be made. If cupric ion is present, or 
there is reasonHo infer that* it is the cause of the dark coloration, 
the precipitate is washed, ai;l Rested either by means of potassium 
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oj^anide solution, which will dissolve cupric sulphide and leave a 
residue of yellow cadmium sulphide, or by boiling it with dilute 
sulphuric acid, which will dissolve cadmium sulphide, and treatment 
of the filtrate from the residual cupric sulphide with hydrogen 
sulphide water, whereby the cadmium ion is re-precipitated as 
sulphide (cf. Sec. 77, 4, and Cushman’s method there described). 

If this test is inconclusive, or if no copper ion is present, and the 
dark coloration is thus due to the presence of atiother metal, the 
dark precipitate obtained in (129) is carefully washed, and again 
cautiously treated with dilute nitric acid as in (126). If mercuric 
sulphide remains undissolved, a small portion of the nitric acid 
solution is tested for cadmium ion by means of hydrogen sulphide. 
If a yellow precipitate is not obtained, or if no mercuric sulphide 
was left undissolved, the nitric acid solution should be tested by the 
following method described in No. 37. 

87. In addition to the methods described in the analytical course, 
the following process for separating the ions of lead, bismuth, copper, 
and cadmium also gives very trustworthy results. The nitric acid 
solution is treated with sodium carbonate, so long as a precipitate 
is produced, and then with excess of potassium cyanide solution, and 
heated. This causes lead and bismuth ions to be precipitated as 
carbonates, whilst copper and cadmium ions are obtained as potas- 
sium double cyanides in solution. The former may be readily 
separated (after thorough washing) by means of sulphuric acid, 
whilst the latter are separated by heating the potassium cyanide 
solution with excess of hydrogen sulphide, and re-dissolving any 
cupric sulphide, simultaneously precipitated, by the addition of a 
little more potassium cyanide. Cadmium ion may be recog- 
nised b^^ the presence of an insoluble yellow precipitate of cadmium 
sulphide. The filtrate is treated with hydrochloric acid ; a black 
precipitate ^f cupric sulphide indicates the presence of cupric ion. 
Since hydrocyanic alid is liberated on the addition of hydrochloric 
acid, the operation must be carried out in a fume cupboard. 

88. If there is reason to suppose that the pirecipitate, which contains 
the sulphur compounds of the fifth group,, also contains the sulphides 
of palladium, rhodium, osmium, ruthenium, and thallium, in addition 
to the sulphides of copper, bismuth, etc., a small portion of the 
precipitate is tested spectroscopically for thallium, and the remainder 
examined by the folio wjng method - 

It is fused with potassium hydroxide and chlorate, the mass 
being finaljv heated to redLess, and* thtn, allowed to cool and treated 
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with water. The solution may thei contain, in addition to pojtas- 
sium plumbate, potassium perosiuate and ruthenate, and, in the 
latter case, will be of a deep yellow colour. By introducing carbon 
dioxide the lead ion may be precipitated as carbonate. On then 
carefully neutralising the filtrate with nitric acid, black ruthenium 
sexquioxide is precipitated, and, if the filtrate is treated with more 
nitric acid and distilled, osmium tetroxide will be obtained in the 
distillate. When the insoluble residue from the treatment of the 
fused mass with water is gently ignited in a current of hydrogen (in 
which process any cadmium present might volatilise), and then 
cautiously treated with dilute nitric acid, rhodium and palladium are 
left, whilst copper and any lead, etc., still present are dissolved. 
The palladium may then be dissolved by aqua regia, whilst the 
rhodium remains undissolved. For the further examination of the 
metals thus separated, reference may be made to Secs. 79 to 81 and 
Sec. 86. When the process outlined above is used, a special portion 
of the sulphide precipitate must be tested for juercury. 

Notes to Sec. 157 (56), (63), (64), 65), and to Sec. 169. 

In testing for cations the presence of organic acids may, in many 89 
respects, have a disturbing influence. 

1. Because the precipitation of chromic and aluminium ion by 
means of ammonia may be prevented by the anions of many organic 
acids, owing to the formation of complexes, and, in the same way, 
that of manganous ion by ammonium sulphide may be affected. 
These cations are then no longer present, or not completely so, in 
the ammonium sulphide precipitate ; they can, therefore, be over- 
looked, and, further, they can have a disturbing influcnc,e on the 
detection of the cations of Groups I. and II. Thus precipitates are 
still formed, under certain conditions, with ammonivm carbonatof, 
but especially with sodium ammonium hydregen^pho'Sphate, even 
in the absence of members of the second group, and possibly by 
aluminium ion, although no precipitation was caused by "ammonia 
or ammonium sulphide ; thus, in testing for alkali io;iH fixed residues 
are obtained, even when members of Group I. are not pfesent. These 
precipitates and residues also interfere with the detection of cations 
of Groups II. and I., since %t is assumed in this course that other 
substances are no longer present in the respective places, and the 
conclusions dral^n fr^m the phenomena •vhich appear are only valid 
when based on this assum^ti^n {cf. No. and No. 
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^2. Because, in testing for l^rium, strontium, and calcium ions 
under certain conditions, especially when too little ammonia or 
ammonium carbonate was added, the organic acid salts of alkaline 
earth metals are precipitated with the carbonat.es (or instead of 
them), and consequently mistakes may be made in the further treat- 
ment of the precipitate, in that the anion of the organic acid may 
still be found in the solution produced by hydrochloric or nitric acid. 

3. Because they have a disturbing influence on tests for alkali 
metals. Thus, for example, platino-hydrochloric acid produces in 
solutions of sodium salts of organic acids (cinnamic acid, etc.), pre- 
cipitable by acids, precipitates which in the yellow solution may be 
confused with potassium platinochloride. 

It is therefore advisable, in the examination of members of 
Groups I. to III., to take the possible presence of organic acids into 
consideration. 

In the simple course this is mentioned in (56, footnote 2), (63), 
and (65). 

In the case of mixed compounds, organic acids or their ions, if 
present, should be destroyed before testing for members of Groups I. 
to IV. ; this should be done in two separate portions by different 
methods, as described in Sec. 169. It should be noted, further, that 
if the original substance is completely soluble in water or acid, and 
contains no members of Groups V. or VI., it may be used directly for 
the fusion with alkali carbonate and nitrate, or for heating with 
sulphuric acid, and that its solution need not first be evaporated. 

The destruction of organic substances by means of fusion in 
the portion in which members of Groups II. to IV. are to be detected 
must be effected in a platinum crucible, because, if a porcelain crucible 
is used, silicic acid and aluminium may be taken up from the glazing. 
For the' purpose of solution, therefore, the fused mass should be 
tii^ansferred from the platinum vessel to a glass or porcelain vessel 
before the ddditjpn of hydrochloric acid, to avoid the possibility of 
platinum dissolving. Despite this fact, the fused mass occasionally 
absorbs c, little platinum (especially if caustic alkali has been pro- 
duced from the potassium nitrate), and thus has a disturbing influence 
on the detection of metal ions, particularly of nickel and cobalt ions. 

Notes to Sec, 157 (56), ^ec. 160 (84), and Sec. 170. 

40* Precipitation with ammonium sulphide should *be employed for 
the separation of the menjJ^ers of Gfovps HI. and IV. from those of 
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Group II. (provided that, in addition*to the latter, there are not eJso 
present phosphate, oxalate, borate, silicate, fluorine, and possibly 
tartrate or citrate ions). Care must, therefore, be taken to see that 
neither the ammonia nor the ammonium sulphide contains carbonate 
(owing to the absorption of carbon dioxide from the air, and that the 
ammonium sulphide is also free from sulphate (produced by oxida- 
tion by the oxygen of the air). Otherwise, even in the absence of 
the anions mentioned, i.e. of substances completely soluble in water, 
barium, strontium, and calcium ions maybe precipitated as carbonates 
or sulphates. It is then useless to attempt to detect the members 
of Groups III. and IV. in such a jirecipitate. 

In doubtful cases, therefore, a test should be made as to whether 
the ammonia or ammonium sulphide gives a precipitate with barium 
chloride. 

Magnesium ion may also be precipitated (incompletely) as hy- 41 
droxide by means of ammonia free from carbonate, if ammonium salts 
are not present in sufficient quantity to check the dissociation of the 
ammonium hydroxide present in the ammonia solution (p. 34). 

If, therefore, the solution does not contain so much free acid 
that a sufficient quantity of ammonium ion passes into the solution 
on neutralisation with ammonia, a corresponding quantity of am- 
monium chloride must first be added. 

If ammonium sulphide is added to the solution which has not yet 42 1 
been neutralised with ammonia, it is decomposed, so that (apaijb 
from the unnecessary and unpleasant evolution of hydrogen sulphide) 
under certain conditions the precipitation of the members of Group 
IV. does not take place, or is only incomplete. 

If loo nrnch ammonia is added, aluminium, and possibly also 
chromium, may remain in solution as anion, and have the disturbing 
influence described in No. 39, 1, on the detection of members of 
Groups I. and II. 

As it is frequently important in determi i4pg whether members 48 • 
of Group III., or (in the presence of the anions of phosphoric acid, etc.), 
those of Group II. are ptesent, to ascertain whether amm6nia alone 
produces a precipitate, th<i test as to whether members of Groups III. 
and IV. are present at all (as given in (137)) is made t>y adding first 
ammonia alone and then ammonium sulphide. It is, of course, 
assumed that if a precipitate was previously produced by hydrogen 
sulphide, the excess of the gtw lyas removed from the filtrate before 
ammonia is adJed. ^ * 

This is not necessary JnOihe actual 4 xrecipitation (141) or (151) ; 
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for^ this reason a precipitate (of«sulphide) may, under certain condi- 
tions, be produced there by ammonia, whereas in (137) no precipi- 
tate was produced by ammonia alone. In (141) or (151) ammonia 
may produce a precipitate of a different coloUr from that in (137). 

To be certain that the hydrogen sulphide was removed in (137), 
the liquid is oxidised, after boiling, by heating it with a little nitric acid. 

44* In the tests in (137) certain conclusions may be drawn from the 
colour of the liquid, or any change of colour on boiling it with nitric 
acid. Thus, it is a matter of importance in the course in question 
whether the coloration indicates chromic ion (violet or green, in 
any case green after boiling), t.e. whether (141) or (150) should be 
followed. A red coloration points to the presence of cobalt ion, 
and a light green one to that of nickel ion. But the last two colours, 
which are reciprocally complementary, can almost neutralise each 
other, and even if a distinct coloration is not perceptible, there is still 
the possibility that cobalt and nickel ions are present. 

A reversion from colourless to yellow points, as a rule, to ferrous 
ion. 

45. If chlorine and iodine ions are present simultaneously in the 
solution, iodine may be liberated on boiling with nitric acid, and a 
yellow coloration be produced. The iodine may be detected by its 
colour. 

In this case, a dark precipitate of nitrogen iodide may be formed 
on the addition of ammonia (even in the absence of iron, aluminium, 
and chromium ions, as also of phosphates, etc., together with the 
cations of the second group). To avoid this, the liquid is evaporated 
on the water bath before the addition of ammonia, in order to expel 
iodine or iodine chloride, next diluted, and only then neutralised 
with ammonia. 

46. The conclusion that when ammonia produces no precipitate no 
cations of Group II. can be present, together with the anions of 
oxalic acid and beric acid (138), is not unconditionally certain, since 
magnesium oxalate is only precipitated after some time, and never 
completely, from hydrochloric acid solution* by means of ammonia, 
and since the precipitation of the alkaline earth borates may be 
influenced or inhibited by the presence of ammonium salts. 

' If, therefore, the conditions in the preliminary test (137) are 
slightly different from those in the dennite precipitation (141) or 
(160), the substances mentioned may, »n the one instance, be absent 
from the precipitate produced by ammoflia and emmbhium sulphide, 
and in the other be present tb.CTein. ' ^ 
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In the presence of ^uminium oiichromio ion, small quantities 
of the ions of alkaline earth metals may pass into the ammonium 
sulphide precipitate, if the frequently mentioned anions (the ions of 
phosphate, etc.) are absent. 

For these reasons it is always wiser in very exact analyses to 
adopt the complicated course (150). 

The reason for the statement made in (140) tliat. in the event of 47 . 
the colour of the solution indicating the presence of chromic com- 
pounds, the comprehensive course (143) should be adopted, is that 
in the presence of chromic ion in the separation witli sodium hydroxide 
(143) the zinc ion may be completely precipitated with the chromic 
hydroxide (p. 259), and therefore would not be detected in the simple 
course in the usual place. If the simple course has been chosen, 
however, and chromic ion is found in (146), the precipitate containing 
chromium must be tested again for zinc ion as in (146, yy), provided 
zinc ion has not been detected by hydrogen sulphide in the alkaline 
solution. 

It is stated in (141) and (151) that the liquid should be shaken 48 . 
until the precipitate begins to se})aratc in flocculcnt form, and should 
then be allowed to stand in a warm place. 

This is !iccessary, because the sulphides separate at first in 
colloidal form or in fine suspension ; consequently the liquid will be 
turbid when passing through the filter, if it is filtered immediately 
after precipitation. The precautionary measures given, as also the 
addition of a corresponding quantity of ammonium salt, will cause a 
separation which permits of clear filtration {cf. pp. 34 to 36, and p. 44). 

If the liquid has to stand in a warm place for some time, it is 
best to keep it in a loosely-corked })oiling flask, in order to decrease 
the oxidising action of the air as far as possible. 

Nickel sulphide dissolves to a slight extent in excess of 49 . 
ammonium sulphide, owing to the formation of sulpho-salt ions, Im 
consequence of this, the precipitation of nickel ii>n b^y means of this 
reagent is, under certain conditions, incomplete. This may be 
recognised by the brownish to dark brown colour of the ^filtrate. 
Such a colour always })oint8 to the possible presence^ of nickel ion 
(or vanadium ion, which betaves in the same way). Platinum ion, 
which may have been taken up on the destruction of the organic 
substances {cf. the end of No.s39 and No. 52), can also produce a 
brownish coloration. The extent to which the nickel remains in 
solution as sulpho^lt ion depends also on the amount of ammonia 
i^nd ammonium salts containediinine solution (Sec. 59. 51. 
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< If such a brown filtrate is obtained, it must be freed from nickel 
ion before it can be tested for members of Groups I. and II. This is 
done by acidifying it with acetic acid and heating it, whereby nickel 
sulphide (possibly also dissolved platinum or vanadium sulphide) 
separates in such a form that it can be separated by filtration. 

The solvent action of ammonium sulphide on nickel sulphide 
is also shown when the latter is washed with water containing 
ammonium sulphide. For this reason, it is stated in (141) and (151) 
that only a very small quantity of ammonium sulphide should be 
added to the washing water. 

The object of making such an addition at all is to prevent oxida- 
tion of the moist sulphide by atmospheric oxygen (No. 22) during 
washing. 

50 . The separation of cobalt and nickel from the other constituents 
present in the ammonium sulphide precipitate (apart from certain 
amounts of silicon dioxide, calcium fluoride, and calcium oxalate 
(153)) depends upon the solubility of their sulphides in hydrochloric 
acid. This rule, however, is not unconditional, and the hydrochloric 
acid must, therefore, be diluted and treated in the cold. Neverthe- 
less, small quantities of nickel and cobalt sulphides are dissolved. ^ 
If the air is allowed to have an oxidising action, the solution is 
materially promoted. For this reason, hydrogen sulphide water 
should be used for dilution. 

If the ammonium sulphide precipitate is not black, i,e, does not 
contain nickel or cobalt sulphide, or at least only contains small 
quantities of these substances, it may be treated with hot hydro- 
chloric acid which has not been further diluted, since only then (142, o) 
can it be completely dissolved. 

61 . In order, however, to effect as complete solution of the other 
substances as possible when nickel or cobalt is present, a sufficient 
*\][uantity of hydrochloric acid diluted with hydrogen sulphide water 
must be used, s-nce “Ut least one equivalent of hydrochloric acid must 
be present for each equivalent of the respective metals present. It 
is, therefore, advisable, if a fairly large residue (undissolved in the 
dilute hydrochloric acid) remained on the filter (147), to treat it 
again with a fresh quantity of the mixture of one part of dilute 
hydrochloric acid and four parts of hydrogen sulphide water. Even 

* These will be present in the precipitates produced by sodium hydroxide 
(149), (169), which should be specially noted when no manganese, iron, or 
chromium is found in such a precipitate. „ The chromiu m may also dissolve, 
forming a blue solution (Sec. W, 1); a black prec\)itate is then obtained in 
testing for zinc ion by meansHDif hydrogen sulphide. 
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then, part of the remaining substances #nay escape solution (especially 
ferrous sulphide), owing to portions of the ammonium sulphide 
precipitate being enveloped in separated sulphur. 

In order, therefore, to obtain the portion containing nickel and 
cobalt free from the other substances soluble in hydrochloric acid, 
it is not sufficient to wash the residue well, but, after volatilising the 
sulphur, it must be dissolved in aqua regia (care being taken to con- 
tinue the treatment until everything has dissolved, because the 
ignited precipitate will have become very dense), and any ferric ion 
present then precipitated by means of ammonia. 

If any platinum has been taken up by the fused mass in the 52. 
destruction of organic substances (cf. end of No. 39 ), or if the pre- 
cipitation with hydrogen sulphide ( 113 ) was not complete, portions 
of members of Groups V. and VI. may have passed into the am- 
monium sulphide precipitate ( 141 ) or ( 151 ). These will remain 
undissolved on treatment with hydrochloric acid, and may be mis- 
taken for nickel or cobalt sulphide, or have a disturbing effect on 
their detection. If this is thought to be likely, or if, in the detection 
of nickel or cobalt ion, unusual phenomena occur (eg. if no nickel 
and cobalt ions are found, although a black residue insoluble in 
hydrochloric acid was left, and no ferrous sulphide was present), the 
aqua regia solution obtained in ( 148 ) or ( 153 ) is freed from nitric acid 
by evaporation, diluted, and then treated with hydrogen sulphide, 
and any precipitate filtered off ; the filtrate is tested to see whether 
a precipitate is produced at all by ammonia and ammonium sulphide. 

(If it is probable that platinum ion is present, this can, if necessary, 
be separated by the addition of ammonium chloride and evaporation 
to a small residue.) Of the members of Group V. which may bo 
found here, cadmium and lead ions enter first into consideration, 
because they are not precipitated completely by hydrogen Sulphide 
from strongly acid solution. 

Since part of the sulphides of Group V. ian J;*e dissolved on 
treatment with hydrochloric acid ( 142 ) or ( 152 ) ‘(especially if it was 
not sufficiently diluted), they can also have a disturbing 'Muence 
on the examination of the solution. , 

For instance, in testing with hydrogen sulphide for irfuc ion (144), 
a black precipitate of lead sulphide may be produced in an alkaline 
solution. (It is dissolved ir» acid, the solution evaporated with 
sulphuric acid, the residue taken up with water containing sulphuric 
acid, the lead siHjihate filtered off, and the filtrate tested again for 
fine ion.) 

^ 52 
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, In the same way, a precipitation may be caused by lead ion in 
testing the hydrochloric acid solution with sulphuric acid for barium, 
strontium, and calcium ions (155). If this appears to be the case, 
(which may be recognised hy the precipitate becoming black on the 
addition of hydrogen sulphide water), the lead ion is precipitated, 
from a fresh sufficiently diluted sample of the hydrochloric acid 
solution of the ammonium sulphide precipitate, with hydrogen sul- 
phide, and the test only then made with sulphuric acid. 

68. If the original solution was not a pure aqueous one with a neutral 
reaction, any residue loft on treatment of the ammonium sulphide 
precipitate with hydrochloric acid (153) may also contain silicon 
dioxide, calcium fluoride, calcium oxalate (and possibly also barium 
sulphate if the ammonium sulphide contained sulphate, or if sul- 
phate was formed on exposure of the sulphide precipitate to the air, 
or during its solution). If the simultaneous presence of all these 
substances has to be taken into consideration, the procedure 
described in the course for substances insoluble in acid (199) or No. 83 
in this chapter should be adopted. In testing for calcium oxalate, 
which is insoluble in the dilute acid, a portion of the unignited 
precipitate should be dissolved in strong hydrochloric acid. 

64 . The test with potassium nitrite for cobalt ion should be applied 
in not too dilute acetic acid solution. As a suitable method nickel 
and cobalt ions may be precipitated as carbonates with sodium 
carbonate, and the precipitate filtered off and dissolved in acetic acid. 
(The mineral acid solution could also be treated with sodium acetate, 
but in that case the liquid is easily rendered too dilute or the acidity 
is not sufficiently repressed.) It should be noted that, if all the 
ammonium salts have not been previously expelled in (148), the 
liberated ammonia may prevent the precipitation with sodium 
carbonate. The acetic acid solution may be tested with dimethyl- 
glyoxime for nickel ion (Sec. 59, 18), and with a-nitroso-jS-naphthol 
for cobalt ion (Jlec. ,60, 18), instead of by the method described in 
(149), 

66 . In testing for manganous and chromic ions in (146) the pre- 
cipitate is fused with sodium carbonate and potassium chlorate. If 
both are prelient together, the green or red colour of the manganate 
or permanganate masks the yellow colour of the chromate. In order 
to recognise the latter, the aqueous rolution of the fused mass is 
boiled, in this case, with a little alcohol, which reduces the manganese 
compounds to hydrated manganese dioxide. So iBiig as this brown 
compound is suspended ir\ the liquid, ihowever, the latter may very ~ 
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well appear yellow, even in the absendfe of chromate ion. Its colopr 
therefore can only be really judged after the hydrated manganese 
dioxide has been removed. 

To test for the degree of valency of the iron ion (145) ( 156 ) 66 . 
potassium thiocyanale and potassium ferrocyanide should be used. 
Potassium ferrocyanide may lead to errors in the case of small 
quantities of ferric compounds, owing to the fact that Prussian blue 
dissolves in excess of ferrocyanide solution. If, however, this reagent 
is used, it should only be applied drop by drop. 

Notes on the differentiation of alkaline earth phosphates, borates t 67 . 
etc., from aluminium hydroxide and zinc sulphide, and on the separation 
of the anions of these alkaline earth salts, (86) to (89) and (156). 

(a) It is stated in (86) in deciding whether the white ammonium 
sulphide precipitate (85) is, on the one hand, aluminium 
hydroxide or zinc sulphide, or, on the other, is the salt of 
an alkaline earth metal, that tlie original hydrochloric acid 
solution should be treated with concentrated potassium or 
sodium hydroxide .solution in excess, and boiled. The 
latter is necessary, because calcium tartrate is soluble in 
excess of alkali hydroxide solution in the cold, but 
separates again on boiling. Under certain conditions this 
reaction may fail (p. 50(1, footnote 1). If this appears 
to be the case (it is indicated by a yellow coloration of the 
akaline solution on boiling), the precipitate obtained in (85) 
may have been calcium tartrate, even if no permanent 
precipitate was formed. If, therefore, the preliminary test 
showed the presence of organic substances, the precipitate 
obtained with ammonia (84, hh) is tested with resorcinol 
and sulphuric acid, to see whether it contains tartaric acid, 
and then tested for the cation according to (89, 5). 

(5) It is stated in (88) that the hydrochloric acid solution should 
be rendered alkaline with ammonia in t^stir.g for phosphate 
ion (or for its separation), and that acetic acid should then 
be immediately added. This is necessary, because the alka- 
line earth phosphates only re-dissolve 8uffir!“ntly readily 
directly after precipitation, while they are stifl flocculent. 

If they have become crystalline on standing, so much acetic 
acid is required for •their solution, that the subsequent 
separation of ferric phosphate and of excess of ferric acetate 
can no Kfhger be cfie(^ by boiling. In this case it would 
be better to dissolve Jeu«h a precipitate by the addition of 
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^ hydrochloric acid, i>nd then carefully to add ammonia 

again, followed immediately by acetic acid. If the exami- 
nation is correctly carried out, a colourless filtrate free from 
ferric ion will be obtained, after boiling. 

(c) The following remarks may be made on 156 : — 

1. The separation of phosphate and silicate ions by means of barium 

carbonate is only complete when these anions are separated as 
aluminium or ferric salts, that is to say, when an excess of the 
ion of at least one of these metals is present. Since a test for 
ferric ion can readily be made in a separate portion of the solu- 
tion, an excess of ferric chloride is added after the test has been 
made. The presence of ferric ion may be recognised by the fact 
that ammonia produces a yellowish precipitate (not a white 
precipitate of FeP 04 , as is the case without an excess of ferric ion). 

2. Both in testing for iron ions and in precipitating them by means of 

barium carbonate, it is essential that they should be present in 
trivalent form. Consequently in (154) the hydrogen sulphide 
must be actually boiled away and the iron then oxidised with 
nitric acid (156). Before testing for ferric ion with potassium 
thiocyanate, the solution must be cooled, since in the presence 
of hot nitric acid either no reaction occurs in the presence of 
ferric ion, or a reaction taking place in its absence may be due to 
nitrite ion (Sec. 126, 11). The solution must also be cold when 
tested with potassium ferricyanide, as this will otherwise be 
decomposed, and a blue coloration may possibly appear, even 
in the absence of ferric ion. 

3. Since there may be a disturbing influence if the liquid still contains 

much free acid before the addition of barium carbonate, so that 
on the one hand much barium ion dissolves, and, on the other, 
much carbon dioxide is evolved, which then causes a larger 
quantity of barium ion to dissolve as barium hydrogen carbonate 
(owinj; to '\yhicb facts a very large precipitate would be produced 
in (158)), the liquid is first evaporated to a sirmll residue, whereby 
chterine or an excess of nitric acid is^^expelled (see 5 infra), and 
the liquid then nearly neutralised with sodium carbonate.. 
The fin‘fil evaporation is best carried out on the water bath, in 
order to avoid complete dryness, and the formation of a residue 
which dissolves with difficulty, ew?n in acids. 

4. The separation of trivalent cations and anions of phosphate, etc., 

from divalent caiions is only effected hy^harium carbonate, 
whereas sodium carbonate ^IsoA precipitates divalent cations. 
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When neutralising the liquid witl# sodium carbonate, care mugt, 
therefore, be taken to avoid precipitation taking place. Should 
this occur, however, the precipitate must be just re-dissolved 
in a little hydrochloric acid before barium carbonate is added. 

5. Precipitation with barium carbonate must take place in the cold, 
as otherwi.se manganous ion might be simultaneously precipitated. 
Care should be taken that the solution is hot, after the neutralisa- 
tion with sodium carbonate, and is then cooled. Manganese can 
pass into the precipitate in a higher stage of valency, if the liquid 
still contains nitric acid or chlorine, and the.se must, therefore 
be expelled by evaporating the liquid to a small residue (see 3), 
preferably by preliminary boiling. In order that a precipitate 
absolutely free from mangane.se may be obtained, it mu.st finally 
be thoroughly wa.shed. Should manganese be ])re8ent in the 
precipitate, however, it will have a di.sturbing influence on the 
detection of chromic ion in (157). In this case, it must bo 
removed by boiling the aqueous solution of the fused ma.s8 with 
a little alcohol, as in (146) (cf. also No. 55 in this chapter). 

It is stated in (113) and (157) that the sodium hydroxide solution 58. 
must bo freshly prepared from solid sodium hydroxide. This is 
necessary, because solutions kept in glass ve.ssels always contain 
silicate or aluminate, so that in using them for the test for aluminium 
ion a positive reaction is obtained when the sub.stancc under examina- 
tion is free from it. 

It has been said in (159) that a precipitate insoluble iu ammonium 59. 
sulphide S(jlution consi.st8 of manganous (or nickel or cobaltous) 
sulphide. Occasionally, however, iron ion is also found here, that 
is to say, when the hydrogen sulphide was not completely expelled 
in (154). It may also be due (if no iron ions were originally |)reHent) 
to the ferric chloride added, which was partly reduced to ferrous 
chloride by the hydrogen sulphide. In this case a black sulphide 
precipitate is obtained here, even if the first <emi^oniiim sulphide 
precipitate was not black. 

• 

Notes to Sec. 170. 

Taking into consideration all the unprecipitated elements in the liquid 60. 
which was filtered from the precipitate produced by hydrogen sulphide in 
acid solution, it will be found that the following metals must be contained 
in the precipitate, if the liquid was. neutraliser^ with ammonia after the 
addition of ammonium ^hlorido, And then treated with ammonium sulphide 
in excess : — L 
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f (a) As sulphides : Cobalt, fiickel, manganese, iron, zinc, uranium, 
thallium, indium, gallium. 

(6) As oxygen compounds : Aluminium, chromium, beryllium, thorium, 
zirconium, the elements of the yttria earths, cerium, lanthanum, 
didymium, titanium, tantalum, niobium.^ 

The task of separating from one another all the elements possibly 
present here will probably never occur in practice, and so far as the ions 
of the rare earths are concerned, is not feasible by the usual methods of 
ordinary qualitative analysis. We therefore confine ourselves to the 
description of the most important methods of separation, by means of 
which smaller or greater groups of elements may be separated from the 
remainder, and to certain directions as to the method of treating these 
sub-groups. 

1. The following process may bo used for the separation of iantaliCf 
niohicy and titanic acids : The precipitate produced by ammonia and am- 
monium sulphide is ignited, the residue fused ^ \vith potassium (or sodium) 
hydrogen sulphate,^ the fused mass treated, when cold, with a large quantity 
of cold water, digested with it for a fairly long time without heating, and 
the solution filtered from the residue. The residue contains tantalic and 
niobio acids, possibly also silicon dioxide and a little undissolved ferric 
and chromic oxides. On fusing it with sodium hydroxide and a little potas- 
sium chloratCy a mass is obtained in which, on treatment with dilute sodium 
hydroxide solution, the chromate and silicate ions are rendered soluble, 
whilst sodium niobate and tantalato insoluble in sodium hydroxide solu- 
tion are left, together with any ferric oxide which may be present here. 
The separation of niobium and tantalum is best effected by conversion into 
alkali fluorides or oxyfluorides {cf. p. 211). With regard to the further 
examination, rf. Secs. 53 and 54. 

The acid solution, which contains the titanic acid, or at least the greater 
portion of it, in addition to the cations of the third and fourth groups, is 
treated in the cold with hydrogen sulphide, to reduce any ferric ion present, 
well diluted, and boiled continuoushjy while carbon dioxide is being intro- 
duced {cj". p, 199). The titanic acid present in the solution separates as a 
white precipitate, which may possibly contain zirconium. 

» If the solution is loo acid, titanic acid may not separate completely on 
boiling. If} thereforej, after boiling for several houi*8, the liquid still gives 
the hydrogen pei^oxide reaction for titanic acid, the excess of acid is care- 
fully neutralised with ammonia (though the reaction must remain strongly 
acid) an^ the liquid boiled ageun. 

In the process just described the tantalic acid and a portion of the 

* Only those portions of the niobic acid can be present here which re- 

dissolved on the ^t precipitation with hydrochloric acid, and on washmg the 
resulting precipitate. ^ 

• It is allowed to cool from time to time, and a few drops of concentrated 
sulphuric acid added, to rejplace that wjiich escaped. 

® If the object under examination can oontain rare e»ths, it is preferably 
fused with sodiam hydrogen sulphate, to.avoid the forziation of sparingly soluble 
potassium double sulphates. , 
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niobic jwid are precipita^d by hydrol 3 i^w on treating the residue of the 
mass, after fusion with bisulphate, with water in the cold, but complete 
separation does not occur, because, on the one hand, the precipitating niobic 
acid carries down a considerable quantity of titanic acid, and, on the other, 
.remains partly in solution. It is also possible, instead of dissolving in cold 
water the mass obtained in the fusion with alkali hydrogen sulphate, to 
dispense with what is only an incomplefe separation of the three earth 
acids on dissolving the fused mass, and to precipitate them together at 
boiling point by moans of hydrolysis, and then to separate them from one 
another as in Sec. 45, A. (In the absence of tantalic acid, niobic acid 
cannot be completely separated by boiling. The addition of a solution 
of sulphur dioxide promotes the separation of the earth acids on boilmg.) 

2. If the filtrate obtained after separation of tantalic, niobic, and titanic 
acids, or if a solution free from these acids is treated with ammonia, with 
the addition of ammonium chloride, after any ferrous ion present has been 
oxidised by boiling with nitric acid, and the slightly woslied precipitate 
is dissolved in hydrochloric acid and the solution agam treated with 
ammonia, the ions of zinc, manganese, nickel, cobalt, and gallium will 
be obtained almost completely in solution, whilst the earths will remain 
in the residue, together with the hydroxides of iron, indium, uranium, and 
chromium. 

3. Oallium ion may bo separated from zinc, manganese, nickel, cobalt, 
and ferrous ions by treating the hydrochloric acid solution with barium 
carbonate in the cold. By this means gallium ion is precipitated, whilst 
the other ions mentioned remain in solution. Callium ion can be separated 
by means of potassium ferrocyanide in strongly acid solution from any 
aluminium ion which may have passed into the ammoniacal solution and 
have been precipitated, together with the gallium ion. by means of barium 
carbonate (Browning and Porter, Chem. Zentr., 1918, I., 950). 

4. To separate the ions of alummiura and beryllium, os also chromic ion 
from ferric ion, the ions of indium and uranium, and the remaining members 
of the third group, their solution in hydrochloric acid is treated in the cold 
with concentrated potassium {not sodium) hydroxide solution.^ By ibis 
means aluminate and beryllate ions, also, under certain conditions , chromite 
ion, are obtained in solution, whilst the ions of the other earths, together 
with iron, indium, uranium, and possibly chromic ions, are precipitated. 
If the alkaline liquid is diluted, filtered, and contiuVouMly boiled, aluminate 
ion (which can then be precipitated by ammonium chloride) remains dis- 
solved, whilst any chromite\on present and the beryllale ion are precipitated 
as hydroxides (c/. p. 174). These last may be separat^ by fusion with 
sodium hydroxide and potasHum chlorate in the same w'ay is usual with 
aluminium and chromic ions (Sec. 42, 3 ; c/. in regard to this paragraph 
also Sec. 66, 2). 

5. Instead of the method oi separation given in 2, 3, and 4, the pre- 
cipitation of the rare earths as ox M*es may in many cases be recommended 
for the separation of fjie ions ot the ceria and yttria earths and of thorium 

1^0 Sec. 43, 3. 
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from those of zirconium, ber^Uiup, aluminium, Lhromium, and the ions of 
tM fourth group. According to Hauser and Worth, ' the separation is carried 
out as follows : The hydroxides obtained, e.g. on treating the filtrate in 
1 with ammonia, are dissolved in J to ^-N-hydroohloric acid in such a way 
that for each 1 grm. of the earths 60 c.c. of the liquid are present, and the 
solution then treated as 60“ with 40 to 60 c.c. of a 10 per cent, oxalic acid 
solution. The separation of the precipitate, which rapidly becomes cry- 
stalline, is complete after 12 hours, only zirconium ion, which, in accordance 
with Sec. 46, 5, is soluble in excess of oxalic acid, having dissolved with the 
aluminium ion, etc. ; it can be separated with the aluminium ion from the 
ions of the other dissolved substances by precipitation with sodium thio- 
sulphate (Sec. 40, 8, and Sec. 46, 8). Zirconium ion may then be separated 
from aluminium ion by precipitation with alkali iodate (Sec. 46, 11). 

6. Thorium ion may bo separated from the ions of cerium, lanthanum, 
and didymium, as also from the yttria earths, by treating the oxalates with a 
concentrated boiling solution of ammonium oxalate, diluting the liquid, 
and, when cold, filtering off the mainly undissolved (the ions of the yttria 
earths are slightly soluble in ammonium oxalate solution) oxalates of the 
four elements first mentioned. Thorium oxide is obtained by evaporating 
the solution, and igniting the residue ; of the other methods (see Sec. 66, 4) 
for the separation of small quantities of thorium ion, that given in 4 (d) of 
that section is the most suitable. 

7. The ions of zirconium and thorium, and also those of the ceria earths, 
may be approximately separated from the ions of the yttria earths (and also 
from beryllium and aluminium ions) by means of alkali sulphate {cf, 
however, Sec. 65, 6). The neutral, or scarcely acid, solution is treated with 
crystalline potassium sulphate (or, if it is a question of the separation of 
the ceria ions from those of the yttria earths, preferably with sodium 
sulphate), boiled, allowed to stand for 12 hours and filtered, and the resulting 
precipitate of the double sulphates of potassium with zirconium and thorium 
(as also of the ceria earth metals) washed with a solution of potassium 
sulphate. From this solution ammonia precipitates the ions of the yttria 
earth metals (of beryllium and aluminium), which last may be separated 
from thetions of the yttria earths by means of oxalic acid (c/. 6). On 
repeatedly boiling the precipitate of the potassium double sulphates with 
water and a, little hydrochloric acid, the greater portion of the zirconium 
sulphate will remain u/idissolved, whereas the ions of thorium (and of the 
ceria earth metals) dissolve, and may be precipitated from the solution by 
means of ummonia. 

8. The ions of thorium and zirconium may be separate from those of 

the yttria earths of cerium and didymium by 'means of sodium thiosulphate, 
by adding it in slight excess to the slightly acid solution, and boiling it. 
Owing to the resulting hydrolvsis, the ions of zirconium and thorium are 
precipitated as hydroxides, whilst the ions of the ceria and yttria earths 
remain in solution. ^ 

9. Zirconium ion may te separated froln the io^ oflhorium and of the 

» Zeitsch anal. Chm[, 47, 389. 
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yilria earths by means of a\light exoess hydrofltioric actdf which preoipi* 
tates the latter but not zirconium ion. ♦ 

10. With regard to the separation of cerium ion from the ions of ton- 
thanum and didymium^ see Sec. 66» 7. 

11. Indium ion is best separated from zinc and iron ions by means of 
barium carbonate. The slightly acid solution (hydrochloric acid) is heated 
with sulphur dioxide, to convert ferric ion into ferrous ion, and when cold, 
treated with freshly precipitated barium carbonate, air being excluded. If 
much iron ion is present, the operation must be repeated. The precipitate 
containing indium is dissolved in hydrochloric acid, and barium ion pre- 
cipitated by means of sulphuric acid. Ammonia then precipitates indium 
hydroxide from the filtrate. 

12. To detect thallium ion in the precipitate produced by ammonia and 
ammonium sulpliido, a portion of the precipitate is dissolved in boiling 
dilute hydrochloric acid, and the solution treated with sulphur dioxide until 
any ferric ion present has been converted into ferrous ion, the free acid 
almost neutralised with ammonia, and the solution tested with potassium 
iodide. Any precipitate produced should in any case be spectroscopically 
examined. 


Notes to Sec, 157 (62) and (63) and to Sec. 171. 

If the filtrate from the precipitation with ammonium sulphide is » 
kept for some time, sulphate ion may be formed in it, owing to the 
action of air, whereby barium ion and possibly also strontium ion 
may be precipitated and escape detection. If, therefore, this filtrate 
cannot be used at once, it should be preserved in an almost filled and 
well-corked flask, or the ammonium sulphide should be removed. 

This can be done either by acidification with hydrochloric acid and 
boiling until the sulphur agglomerates, or, better, by shaking the 
liquid with powdered lead oxide, or, best of all, by heating on the 
water bath (Bogdan, Zeitsch. anal. Chem., 44 , 564). The liquid is 
then filtered from the sulphur, or from the mixture of lead peroxide 
and lead sulphide. « 

The precipitation of barium and calcium .ions as f'arbonates is 62. 
influenced by the presence of large quantities of ammonium salts, 
because the latter check the dissociation of the ammonium carbonate. 

On the other hand, a small quantity of ammonium salts is essential 
to prevent the precipitation of magnesium ion. Conft' quently, any 
large quantity of ammonium salts must bo expelled by ignition, 
but it must be taken into •consideration that small quantities of 
barium and calcium ions escape precipit«,tion as carbonates, and they 
should therefotif be removed with ammohium sulphate or oxalate 
before a test for magnesium ^n is made with sodium ammonium 
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hydrogen phosphate, since otjierwise they iaay produce precipitates 
of phosphate. They may also have a disturbing influence on tests 
for alkali metal ions. 

68 . In the case of simple compounds, calcium sulphate solution 
affords a means of deciding whether barium, strontium, or calcium ion 
is present. Since, however, in the presence of much calcium ion the 
precipitation of barium or strontium sulphate by means of calcium 
sulphate may be entirely inhibited, this reagent cannot be used to 
obtain a definite decision in the case of mixed compounds (Sec. 34, 
5, and Sec. 35, 3). With regard to a process for the detection of 
strontium ion, even in the presence of barium ion, by means of calcium 
sulphate solution, cf. Theodora P. Raikow, Zeitsch. anal. Chem., 
67, 164. 

Apart from the process given in the course of analysis, the methods 
mentioned in Sec. 38 may be used. It is essential in their applica- 
tion that the conditions given there be strictly observed. 


Notes to Sec. 172. 

64 . The test for magnesium ion by means of sodium ammonium 
hydrogen phosphate is characteristic, provided it is realised that 
only a crystalline [necipitate proves the presence of magnesium ion. 
It must be clearly understood that nearly all cations previously 
separated can yield insoluble phosphate precipitates. If, therefore, 
a non-crystalline jirecipitate is obtained, it is necessary to reflect 
in the case of which of the cations already found the precipitation 
may have been incomplete, and to apply tests for these (or to remove 
them) before making a decisive test for magnesium ion, or before 
testing for ions of the alkali metals. With regard to the most fre- 
quent ouse, i.e. the presence of traces of aluminium, barium, or 
calcium ion, the necessary instructions were given in (167). Of the 
other catior.s which ^ may occur here, reference must in particular 
be made to tin^io£i, which is apt to be incompletely precipitated 
by hydrqgen sulphide, and gives no preqipitate with ammonium 
sulphide or, if present in small quantity, with ammonium carbonate, 
but yields a yjrecipitate with phosphate Ion. If, therefore, tin ion 
has been detected with hydrogen sulphide, and if an unusual precipi- 
tate has been obtained in (167), a test sjiould be made to see whether 
a residue of tin cannot be separated on renewed treatment with 
hydrogen sulphide, and this filtrate only then tested for magnesium 
ion or the ions of alkali metals. 
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The liquid, filtered frdb the prooipi4ate produced by amraonium bu1-66. 
phide, may oontain, not only the ions of the alkaline earths and aUOdis, 
but also a little nickel ion^ vanadium ion, and that portion of the tungstate 
ion which was not precipitated at first by liydrochloric acid. The three 
last are present as sulphides dissolved in excess of ammonium sulphide 
solution, and are precipitated as such when the liquid is just acidified with 
acetic acid or hydrochloric acid. If the precipitate is filtered off, washed, 
dried, fused with sodium carbonate and sodium nitrate, and the fused mass 
treated with water, a residue of nickelous oxide is left, whilst potassium 
vanadate and potassium tungstate dissolve. The vanadic acid may be 
separated from this solution by means of solid ammonium cliloride, and 
tungstic acid by evaporation with hydrochloric acid, and treatment of the 
residue with water ; both acids may then bo further examined (Secs. 68 
and 98). 


Notes to Seas. 157 (66) and 173. 

No decision can be obtained as to whether potassium or sodium 6®* 
ion is present by testing the residue left after expelling the am- 
monium salts, even in the absence of all other cations, if, on ignition, 
the anions of non-volatile acids or acids which volatilise with diffi- 
culty (phosphoric acid, boric acid) are left. 

If, therefore, an ignition residue is left it must be definitely 
concluded that such anions are not present. The anions mentioned, 
and also others, may have a disturbing influence on the individual 
tests for potassium or sodium ion. They can, for example, on the 
one hand, like sulphate ion, form acid salts in the residue from the 
ignition, or, like phosphate ion, cause an acid reaction, which will 
interfere with the reaction for sodium ion by means of dipotassium 
dihydrogen pyroantiinonatc. A white flocculent precipitate of 
antimonic acid is then formed, even in the absence of sodium ion, 
so that the doubt may exist as to whether a sodium preci-^itate has 
been formed. On the other hand, even on prolonged ignition, sqjne 
of the ammonium may be retained by the phcv^phoric aeid, and may 
lead to errors when testing for potassium ion. 

Such disturbing anions must, therefore, be removed befpre testing 
for alkali metal ions. Borate ion has a disturbing influence on the 
detection of potassium as potassium hydrogen tartra'^r (Sec. 139, 

Care must be taken when noting whether a residue, stable on 67# 
ignition, is left, because th% salts of the alkali metals melt readily, 
and may, therefore, easily b^ overlooked. Too small a portion 
therefore shouli>not be evaporaied in thiB*te8t, and the heating not 
increased above the heces^ly j^sgree, bqj the ammonium salts must 
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be completely expelled, and th^behaviour ncJted on cooling and again 
he&ting the platinum dish (or cover) ; note must also be taken whether 
on heating, the flame is coloured (cf. No. 6). 

68 * Before magnesium ion can be removed in (170) by means of 
barium or calcium hydroxide, the ammonium salts must be expelled, 
since otherwise there is the danger that only ammonia will be liberated 
and an insufficiently high concentration of hydroxyl ions obtained, 
and consequently the magnesium ion will not be completely separated 
as magnesium hydroxide. 

69. In removing disturbing anions, magnesium ion or the cations of 
Groups III. and IV., as in (170), the use of unnecessary quantities of 
barium chloride and barium or calcium hydroxide should be avoided. 
Nevertheless, comparatively large precipitates are not infrequently 
obtained in this way, as also subsequently, on removing the barium 
or strontium and calcium ions from the solution with ammonium 
carbonate. These precipitates may retain ions of the alkali metals, 
owing to adsorption. They must, therefore, be well washed, as 
otherwise there is a danger of small quantities of potassium and 
sodium ion being overlooked. 

The separation of barium and calcium ion is never complete, 
particularly if the ammonium carbonate precipitate is well washed. 
Such separation must, therefore, be repeated in the filtrate, after the 
renewed expulsion of ammonium salts, and if any appreciable pre- 
cipitate is then produced, it is necessary to repeat this until the 
solution remains quite clear on the addition of ammonium carbonate. 
Only after the ammonium salts have been finally expelled are tests 
applied as in (171). The second or third ammonium carbonate 
precipitate is not washed for too long a time, because, otherwise, 
ions of the alkaline earths are always re-dissolved. 

70 * In te^ng for potassium ion (171), it is necessary to guard against 
errors due to a small residue of unvolatilised ammonium salts. This 
residue freqii’ently sublimes at the upper edge of the dish. It must 
also be expelled £'oifi there, by heating, before the contents of the 
dish are dissolved in water. ^ 

If a doubt exists as to whether the solution under examination 
is actually fr^ from ammonium salts, a ’'portion should be tested 
for ammonium ion as in (172). (The solution must be protected from 
the ammonia vapours in the laboratorytair.) 

The best method of detecting very small quantities of potassium 
ion in testing, according*’ to (171, d) iso to evaporate the liquid to 
dryness, and to take up the residue^ jyith dilute^d\Qoh.o\, 
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In testing solutions Containing iodine ion by means of platino- 
hydrocMoric acid, a dark red coloration appears, owing to platino- - 
iodide ion and iodine (Sec. 31, 2 ; Sec. 85, 8), whereby the yellow 
precipitate of potassium platinochloride is easily masked. (On 
looking at the clock-glass from underneath, however, it may easily be 
recognised.) In this case, it is preferable to make the test according 
to (171, )8). 

What might be mentioned here with regard to the detection of 71-. 
lithium, caesium, and rubidium ions has already been said on pp. 132, 

134, and 136, and also in connection with the analysis of mineral 
waters (258) and (259). 

Notes to Secs. 158 and 175. 

The precipitation of the anions of the first group by means of 72# 
barium ion in the manner described in (175) is influenced by the 
presence of salts (chlorides, nitrates) of ammonium and the alkali 
metals, and, to a greater degree, the more weakly negative the anions 
are, or the weaker the acids with which they correspond. Conse- 
quently on the addition of barium chloride, the solubility product of 
the barium salts of the first and third division of the first group of 
anions is not reached, and no precipitation takes place (175). This 
applies especially to borate ion, in the case of which the same con- 
ditions occur in regard to precipitation with silver nitrate (176). It 
also applies to the calcium salts of organic acids, especially those 
of citric, malic, and succinic acids, which are not precipitated by 
calcium chloride in the presence of ammonium chloride. 

In the detection of iodine ion (178), it is stated that the iodine 78* 
should first be liberated with nitrous acid, and only then chlorine 
water added. The reason for this is that on the direct addition of 
chlorine water to the liquid which is being tested for iodine im, 
small amounts of iodine may be overlooked, if anly^sufficlent chlorine 
water is added to convert the iodine, which is first liberated, imme- 
diately into colourless iodine chloride (Sec. 119, 11). » 

In the event of chlorine being present simultaneously with iodine, 
disturbing by-reactions m?iy, under certain condition^ occur on the 
addition of potassium nitrite and sulphuric acid, or nitrous acid and 
sulphuric acid. If this is presumed to be the case, ferric chloride 
may also be used for the liberation of the iodine. 

If iodine ion ma,B found, tt is recommeflded that chlorine water 
should be added unt!l decolcri^ion oocqrs, in order that a test for 
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bromine ion may be made bycthe addition'^of more chlorine water. 
In the presence of much iodine ion this requires a large quantity of 
chlorine water, and there is a danger of finally adding so much 
that the excess causes the liberated bromine to be oxidised again 
to a colourless compound (Sec. 118, 6). 

It is advisable, therefore, in the presence of much iodine ion, to 
add at first only sufficient chlorine water to colour the carbon 
bisulphide dark violet, then to filter it through a moistened filter, 
to add a little more carbon bisulphide to the filtrate, and then, care- 
fully, more chlorine water. If this also produces a deep violet 
coloration, the carbon bisulphide may be separated and the test 
repeated. In any case, the liquid must be well shaken after each 
addition of chlorine water. 

74 . The direction is given in (179) that only 1 to 2 drops of ferric 
chloride solution should be added. The reason for this is that iodine 
may be liberated by the addition of ferric chloride in the presence of 
iodine ion. If present in large quantity it may form a red solution, 
owing to the presence of undecomposed iodide, so that it may be 
mistaken for thiocyanate ion. If only a few drops of ferric solution 
are added, however, no red coloration is obtained in the absence of 
thiocyanate ion (at most a yellow coloration, duo to the iodine). 

75 . It is stated in (182, 8) that a preliminary test should be made 
for oxalate or fluorine ion by means of calcium chloride and the 
subsequent addition of acetic acid, and that, although only the non- 
appearance of a permanent precipitate indicates the absence of both 
anions, the formation of a precipitate does not justify the conclusion 
that one of these two anions must be present. For instance, such a 
precipitate may be due to silicate ion, in very concentrated solutions 
also to sulphate ion ; further, if acetic acid was not added at once, 
also to phosphate ion; and finally, if organic acids are present, to 
cittnamylate or tartrate ion. 

Notes to Sec. 175 (175). 

76 . If, in £n analysis silicofluoride ion is to bo laken into consideration, it 
should be noted ^hat the precipitate formed in ( 175 , 6 ) may contain barium 
silicofluoride. ''A microscopical test for it ‘is therefore made under a 
magnifleation of 140-200 diameters, a portion of the precipitate being 
examined, first as it is, and then after the addition of a drop of dilute 
hydrochloric acid, which dissolves any banum phosphate, barium oxalate, 
etc., present. The chare^ristio crj^stals of barium silicofluoride may 
often be detected before, but more readily aftejp, tl5is treatment with 
hydrochTorio acid. 



8W». 1&, 162, 176, M PRECIPITATION OF ANIONS 831 

For the ohemioal detection of bariuyi silicofluoride, a portion of the 
precipitate left after the careful addition of hydrochloric acid or nitfio 
acid (barium silicofluoride is somewhat soluble in acids) may then be i 
heated with sulphuric acid, as in Sec. Ill, 7, in a current of air. 

K barium silicofluoride is detected in the barium salt precipitate 
insoluble in hydrochloric or nitric acid, another sample of the precipitate 
must be tested for sulphate ion. This is done by igniting the sample, 
triturating the residue, and heating it with hydrochloric acid of sp. gr. 1T2. 

The barium fluoride resulting from the ignition of the barium silicofluoride 
then dissolves, whilst any barium sulphate present is left, and may then be 
further examined as in Sec, 106, 9. 

Notes to Secs. 159, 162, 176, and 178. 

In the first place, it should be specially noted in the practical 77 . 
examination of unknown substances that the course only applies to 
the organic acids or anions dealt with in this book, which generally 
occur in nature and more or less frequently in daily life ; it must 
therefore naturally fail when other {e.g. synthetically prepared) 
compounds are under consideration. Reference may again be made 
here to what was said in No. 3 of this chapter. It is assumed in the 
course described in Secs. 159, 162, 176, and 178, that apart from the 
precipitation of cinnamic acid (benzoic acid and salicylic acid) by 
means of hydrochloric acid, free acids or alkali salts are present. 

If these have first to be separated in the presence of other cations, 
care sliould be taken that no disturbing substances remain in the 
solution under examination. Thus, above all, no carbonate ion 
should be present after treatment with sodium carbonate solution 
(78), (97), (185), (198), as this produces a precipitate in the subse- 
quent test with calcium chloride, and renders a test necessary for 
the members of the first group of organic anions, even when they 
are not there at all ; further, a calcium carbonate precipitate’'render8 
the test for these anions more difficult, because their calcium salts 
can be less readily detected in the presence of much calcium’carbonate. 
Especial care, therefore, should be taken in rebioving the carbon 
dioxide after acidification ^79), (97), (185), and (198). If it is >femoved 
by boiling, however, volatile organic acids may also escape detection, 
so that acetate ion and ffirmate ion may not be recof^nised. The 
liquid is therefore not heated to boiling point, but the warm solution 
vigorously and continuously sjiaken. 

The last remark naturally applies also to the removal of hydrogen 
sulphide. w . ’ 

Further, it should lib noted ih§J when inorganic anions of the first 



832 BXPLANATOHY notes and AUDITIONS ch. hi 


group are present, they also laay yield precipitates in the test with 
calcium chloride, so that the formation of a precipitate in (185, 2) 
does not justify the conclusion that a member of the first group of 
organic anions must be present. 

78. The separation of cinnamic acid, benzoic acid, and salicylic acid 
by means of hydrochloric acid takes place in the presence of cations 
of Group Vj. simultaneously with their chlorides, and from alkaline 
solutions possibly simultaneously with silicic acid, sulphur, and 
sulphides. In exceptional cases, boric acid may also be precipitated 
from concentrated solutions. The separation of these organic 
substances (apart from boric acid) should be effected by shaking with 
ether. 

The simplest way of separating the ether phase from the aqubous 
j)ha8e is by means of a small apparatus similar to a washing bottle, 
the longer tube of which is immersed in the ethereal layer to just 
above the plane of separation. If boric acid is present, it may, in 
certain cases, also pass into the ethereal solution. 

79. The test which is made to determine whether the precipitate 
obtained by means of calcium chloride in (185) dissolves in sodium 
hydroxide solution must be carried out with sodium hydroxide free 
from carbonate, since otherwise calcium carbonate separates and 
correspondingly less calcium ion dissolves, so that, on boiling, no 
precipitate of calcium tartrate may be formed. 

80. If a precipitate was formed in (185), the filtrate frequently no 
longer contains so much calcium ion that when three parts of alcohol 
have been added in (187) the solubility product is exceeded ; the 
addition of a little more calcium chloride is therefore advisable. 
Since the liquid must stand for a few hours, the tube should be 
corked, as otherwise a precipitate of calcium carbonate may be 
formed,*owing to the absorption of carbon dioxide from the air, and 
lUay be confused with citrate, malate, or succinate. 

81 . It is stated ,in (*188, c) that the calcium precipitate should be 

completely freed from alcohol by drying before treatment with 
nitric aold. The reason for this is that oxalic acid may also be formed 
from alcohol op. heating with nitric acid. The detection of oxalate 
ion after treatment with nitric acid is consequently only a proof of 
the original presence of malate ion when alcohol no longer adheres 
to the precipitate, « 

82 . General rules cannot be given for the possibility of anions of rarer 
occurrence being present, especially in the presence of those of more 
frequent occurrence. In, this res^^^cb reference should be made to 
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the ‘^Summary and Remarks'' at tfte end of the third group ^ of 
inorganic anions, the end of Sec. 132, and also to Secs. 148 and 149, 10. 

With reference to the detection of the anions of inorganic com- 
poundp insoluble in water but soluble in acids, it is stated in (194) that 
the insoluble substance (if necessary extracted with water) should be 
fused with sodium carbonate, and the anions detected in the aqueous 
solution of the fused mass. If the portion insoluble in water is 
only partly soluble in acid, care should be taken that the anions of 
the compounds insoluble in acid are also present in the aqueous 
solution of the fused mass. It must, therefore, be borne in mind 
in this case that not all the anions which arc found originate in the 
portions soluble in acid, and that those found subsequently in Sec. 

179 are not included jiere. 

Notes to Sec. 179. 

Directions have been given in the course for substances insoluble 88 • 
in acids that, before fusing them in a platinum crucible, lead and 
silver compounds should be removed. Te.sts for these substances 
are made simultaneously in the solutions thus obtained. Ammonium 
acetate solution should be used to di.ssolve the lead compounds. 

It should be slightly acid ; if it were ammoniacal it could also dis- 
solve silver C()m[)ounds, which might then entirely escape detection. 

The ammonium acetate solution should be concentrated. It is 
allowed to act repeatedly on the substance in a small flask, decanted 
through a filter, and the filtrate tested with liydrogen sulphide. The 
lead must be completely removed, as otherwise the platinum crucible 
will be damaged in the subsequent fusion. 

In testing the ammonium acetate solution for chlorine ion, the 
direction is given in (205) that it should bo diluted with ^0 parts 
of water before the addition of silver nitrate solution. The reason 
for this is that otherwise a precipitate might be formed, .even in the 
absence of chlorine ion, since silver acetate is only sparingly soluble. 

In removing the silver salts with potassium cyanide the treat- 84 # 
ment should be continued until the salts are completely e^racted, 
to avoid damaging the pla^num crucible. The filtrate is tested by 
acidification with nitric acid. In this operation hydrocyanic acid 
is evolved, for which reason great care should be taken and the 
acidification effected in a fum# cupboard. 

If silver compounds are found in the residue insoluble in hydro- 
chloric acid, it is 'flot a proof *that the original substance also con- 
tained insoluble silver comp^ufid*, ^s, on the one hand, silver chloride 

• 53 
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may have been formed in tlis treatment ‘with hydrochloric acid 
or aqua regia, and, on the other, insoluble silver compounds may 
result from the simple treatment with water of a mixture of sub- 
stances soluble in water, e.g. in the simultaneous presence of mercuric 
iodide and silver nitrate. Insoluble silver compounds originally 
present, however, may, under certain conditions, react with other 
substances in such a way that the residue under examination in 
Sec. 179 may contain other compounds than the original mixture. 
For example, silver chloride and potassium iodide interact, on 
treatment with water, bo form silver iodide and potassium chloride. 

It is, therefore, only conditionally possible to determine by 
means of purely qualitative analysis the form of combination in 
which silver, found in the insoluble residue, was present in the original 
substance.i 

86 • At the end of (208) it is said that the washing should be continued 

until barium chloride no longer produces a precipitate with the 
washings. If this is neglected, that is to say, if the residue from the 
fusion insoluble in water still contains portions of the anions, the 
compounds present before decomposition are formed again on dis- 
solving the residue from the fusion in hydrochloric acid. For 
instance, on solution in hydrochloric acid, barium sulphate is formed 
again from barium carbonate to which sodium sulphate still 
adheres. 

86 « It is stated in (211) that the hydrochloric acid solution of the 
residue insoluble in water should be tested for cations. It should be 
noted that only those cations have to be taken into consideration 
which form compounds insoluble in acids with the anions detected, 
or which may occur in the substances mentioned at the beginning of 
Sec. 179. 

Consequently, in so far as it is not a question of silicates, practi- 
cally only the ions of tin, aluminium, and the alkaline earth metals 
enter into Consideration here. 

87. In order not to complicate the course, no attention has been paid 
in Secs. 170, 177, and 179 to the possible necessity of detecting small 
quantities of silicic acid in the presence of large quantities of calcium 
fluoride or another fluoride. Should this necessity occur, as is not 
infrequently the case in the analysis of fluorine minerals, it is possible 
to overlook the silicic acid when proceeding as described in (183, 10) 

^ The same applies, of coarse, in many other oases. For example, in the 
analysis of a mixture of sodi'.mi sulphate aUd barium ohloiide, insoluble barium 
sulphate is formed, and in tlmt of a mixture of ammomum nuoride and oaloium 
nitrate, insoluble calcium fluo]|;jde. ' ^ t 
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and (196) or (210), becJause the sililon in it may volatilise com- 
pletely as silicon fluoride on evaporating the alkaline solution of the 
fused mass with hydrochloric acid (p. 634, footnote 1). In order to 
separate silicic acid in (208) when analysing substances which 
contain fluorine, either the alkaline solution of the fused mass pre- 
pared as in (194) must be heated with ammonium carbonate (the 
volatilising ammonium carbonate being replaced), and filtered, and 
the filtrate treated with an ammoniacal solution of zinc hydroxide 
(prepared by treating a zinc salt solution with sodium hydroxide, 
washing the zinc hydroxide and dissolving it in ammonia solution), 
in order to se})arate the remainder of the silicic acid, then evaporated 
until all the ammonia has escaped, and filtered. Silicon dioxide is 
then liberated from the precipitate formed by ammonium carbonate, 
by evaporation with hydrochloric acid, but in the case of the preci- 
pitate formed in the ammoniacal zinc solution evaporation with 
nitric acid is preferable. An alternative method Is that of Seemann 
(Zeitsch, anal. Chem., 44, 364), in which the alkaline solution con- 
taining silicic acid and fluorine ion is neutralised with hydrochloric 
acid (an indicator being used), a solution of precipitated washed 
mercuric oxide in ammonium carbonate solution which has been 
treated with ammonia i added, the mixture evaporated to dryness, 
the residue taken up with water and filtered ; the residue contains 
the silicic acid in the form of a mercury compound. On ignition 
pure silicon dioxide is left. 

If, in Sec. 179, the elements of less frequent occurrence are taken 88 * 
into consideration, the number of substances which can be left un- 
dissolved on treatment of the substance under examination with 
water, hydrochloric acid, nitric acid, and aqua regia is considerably 
increased. In particular, the following elements and anions are those 
which, partly in the ignited condition or in certain compounds, have 
proved to be insoluble in acids, or to dissolve slowly and with difficulty 
therein : Beryllium, thorium and zirconium, eeriqm, titanate ion, 
tantalate ion, niobate ion, molybdate ion, and tungstate ion, rhodium, 
iridium, osmium and ruthenium. 

When the point (208) has been reached in the coprse of analysis, 
the substance, free from silver, lead, and sulphur, is fused with sodium 
carbonate and a little potassium nitrate, the mass extracted repeatedly 

^ Schaffgot’s solution : 236 gilns. of ammonium oarbonste and 180 o.c. of 
25 per cent, ammonia solution d^Ive^ in 1 litre. To this solution is added in 
the cold, so long as saything still dissolves, freshly precipitated mercuric oxide, 
obtained by treating a mercuric chloride solution with potassium or sodium 
hydroxide, and carefully washing precipitat®. 
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witfi water, any residue still iftidissolved fdsed in a silver crucible 
with potassium hydroxide and potassium nitrate (c/ Sec. 15, p. 59, 
footnote 1), and again treated with water. The alkaline solutions, 
which may be combined or examined separately, may contain 
beryllium, a portion of the titanium, tantalum, niobium, molyb- 
denum, and tungsten, osmium, ruthenium, and a portion of any 
iridium present. 

If the residue which remained insoluble in the previous operations 
is fused with potassium hydrogen sulphate, thorium, zirconium, 
cerium, the remainder of the titanium and the rhodium will dissolve 
on treating the fused mass with water. 

If a residue was still left it might be due to platinum metals 
which were not decomposed, and should preferably be mixed with 
sodium chloride and ignited in a current of chlorine. 

So far as the separation and differentiation of the individual 
elements in the different solutions is concerned, all that is necessary 
has been said in the notes to Secs. 164 to 175, and also in Chapter III., 
of Part I. 

IV. Other Systematic Courses of Qualitative Analysis. 

As was emphasised on p. 544, on the one hand the sequence of 
reactions employed for the separation and detection of individual 
substances may naturally be arranged in various ways, and on the 
other, reactions may be employed for the systematic separation of 
substances into groups, or for their individual detection, which differ 
entirely from those upon which the systematic course described in 
Secs. 150 to 179 is based. 

From time to time, therefore, numerous suggestions for other 
suitable niethods of separation and detection have been made. Many 
of’them, in so far as they are concerned only with the differentiation 
of substances of similar behaviour (members of the different groups 
as classified in this book), have been mentioned in the respective 
“ Sumtnefiy and Remarks,^' and may, therefbre, be used in the corre- 
sponding parts ^of the course instead of the directions given above, 
though the main principles of separation should be followed.^ Others, 
however, employ reactions based on totally different principles for 
separating the elements into main groups, the most important of 
which will now be briefly described. 

*' «< » 

' A new method of separating the « filtrate from# the hydrogen sulphide 
precipitate has been devised by Ifl. Ren\yf'JZltte|;A. anal, Chem.f 68, 386). 
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A. Methods of separation for cations. 

All the following processes are based on the same principle, i,e, 
the avoidance of hydrogen sulphide, which, in many ways, is dis- 
advantageous and objectionable, as has been found by different 
people in a varying degree.^ 

Some of these processes include precipitation with sulphide, and 
are therefore more or less related in their main points to the syste- 
matic course described above ; others, however, include few, if any, 
sulphide precipitations, and consequently involve a considerable 
deviation in the grouping of cations. 

1. Schiff and Tarugi’s Thioacetate Method. > 

In this method the hydrogen sulphide is replaced by thioacetic 
acid, which is made to react by adding a slightly ammoniacal solution 
of ammonium thioacetate to the hydrochloric acid solution containing 
the remaining cations (or to that filtered from the silver, mercurous, 
or lead chloride precipitate). The liquid is heated (whereby all the 
precipitates which separate at first, and some of which are of a 
different colour and composition, are converted into sulphides) 
and then allowed to cool, when the cadmium sulphide, which at first 
dissolved, separates again. 

Otherwise, the ordinary course is followed. The ammonium thio- 
acetate solution is decomposed by hydrochloric acid, with the forma- 
tion of very active hydrogen sulphide and acetic acid : 

CHs.COS'-hH- +H 2 O =:H2S+CH3.C00H 

Thioacetic acid is prepared by the action of glacial acetic acid 
on phosphorus pentasulphide. As the reagent has an unpleasant 
odour, and is difiicult to obtain and somewhat expensive, the 
thioacetate method has not been generally adopted, 

2. Vortmann’s Sodium Sulphide ^Ihod.^ 

(a) The substance .present in the nitric acid or hydrochloric 
acid solution is oxidised with bromine water or by heating it 
with potassium dhloratey solid sodium carbofi* e added until 

^ A comprehensive treatment of this question is to be found in Ed. Donath’s 
i/ber den Ersatz des Schivefelwaaserstqffs in der qualikUiven chemiechen Analyse. 
Leipzig, published by S. Hirzcl, 1909. 

* Ber., 2n. 3437 ; Zeitsch. anal, C’lm., 84, 466. 

* Georg Vortmann, AUgemeider Gang der qualitativen chemischen Analyse 
ohm Antoendmg von Sc%mfelum.'‘ersloff. Vienna, Franz Deutioke, 1908. 
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effervescence ceases, and the mixture rendered alkaline with 
sodium hydroxide and heated. 

If ammonium ion is present, ammonia escapes. Sodium 
sulphide (which should be free from sulphate) is added in 
excess, and the mixture heated and filtered.^ The precipitate 
is dealt with as in (c), and the filtrate as in (6). 

(6) The filtrate from (a), which may contain aluminate ion, as 
also the ions of the sulpho-salts of arsenic, antimony, tin, 
mercury, and nickel, is treated with solid ammonium chloride 
and heated. The precipitate is dealt with as in (d), and the 
filtrate as in (c). 

(c) The filtrate from (6) is treated with hydrochloric acid. The 

sulphides of arsenic, antimony, and tin separate.^ The 
separated precipitate is boiled with hydrochloric acid, which 
leaves the arsenic sulphide undissolved ; this residue is 
then dissolved in nitric acid. The presence of arsenate ion 
in the solution is confirmed by treatment with magnesium 
chloride and ammonia or silver nitrate. The anti'mony 
is separated in the form of a black powder by means of 
iron wire from the filtrate from the arsenic sulphide ; 
confirmation is obtained by dissolving it in tartaric acid 
and nitric acid, and treating the solution with sodium 
sulphide (an orange-red precipitate should be formed). 
Tin ion is detected, by means of mercuric chloride, in the 
filtrate which was freed from antimony by iron : a white 
precipitate of Hg 2 Cl 2 or a grey one of Hg is formed. 

(d) The precipitate^ produced by ammonium chloride in (6) is 
heated with dilute sulphuric acid. The filtrate is treated 
with ammonia, to precipitate any aluminium ion present 
\ white precipitate). The residue is boiled with dilute 

« nitric acid, and the filtrate tested for nickel ion by means 
of 'bromine *and ammonia (a brownish-black precipitate 
of Ni(0!H)3 is formed). The residue is dissolved in a 

fc < 

' The precipitate is washed with sodium sulphide solution. If nickel ion 
is present (whic^i ds generally indicated by thei brown colour of the filtrate) 
sodium sulphite is added to the washing liquid, by which means the precipitate 
may be obtained quite free from nickel. The washing liquid is not added to 
the filtrate. 

• In the presence of organic ewbstancA the filtrate may still contain 

aluminium ion, for which it is tested by treatment with ammo&a in excess and 
the addition of sodium phosphate. * ' , ^ 

* ft is only free from arsenic, antimony, and tin if ^hese were present in the 
highest state of valency. For .thw reasonithfc substance is oxidilted fn (a). 

t f 
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little aqua regia ^ and merouLric mi detected by> means ‘of 
stannous chloride (the precipitate is white or grey). ' 

(e) Theprcapiiflrfe from (a), which, in addition to the sulphides of 
the heavy metals, contains the carbonates and possibly 
the phosphates of the alkaline earth metals, as also chromic 
hydroxide, is treated, in the cold with dilute hydrochloric acid 
which has been saturated with hydrogen sulphide by 
introducing sodium sulphide solution into the bottom of the 
flask. The still insoluble residue is treated as in (t), and 
the filtrate as in (/). 

(/) The hydrocJdoric acid solution of the sodium sulphide pre- 
cipitate from (e), which may contain the ions of magnesium, 
calcium, strontium, barium, chromium, uranium, iron, 
zinc, manganese (and small quantities of cobalt and nickel 
ion), and also pho8])hate ion, is treated, after expulsion of 
the hydrogen sulphide and cooling, with solid sodium 
carbonate in excess and hromme, and then heated. The 
precipitate is dealt with as in (h), and the filtrate as 
in (7). 

iy) The solution obtained in (/) may contain chromium (as 
chromate ion), manganese (as [)ermanganate ion), and 
uranium (as uranatc ion). 

If the solution is red, it is heated with a little alcohol, 
whereupon the mawjanese separates as hydrated dioxide. 
A yellow coloration appearing directly, or after precipitation 
of the manganese, indicat(‘s chromate ion. As a confirmatory 
test, the liquid is acidified with acetic acid and treated with 
lead acetate. 

After acidification with acetic acid, a test is applied for 
uranate ion by means of potassium ferrocyanide. 

(A) The precipitate produced by sodium carbonate and brojpine 
in the hydrochloric acid solution ol the sodium sulphide 
precipitate in (/) contains the carbonhtes or phosphates 
of the alkaline earth metals and of zinc, and alsp iron in the 
form of hydroxide or phosphate, and manganese as hydrated 
dioxide. A snMl portion is dissolved in c acid, and the 
liquid tested with ammonium molybdate solution for 
phosphate ion. T^ main precipitate is dissolved in hydro- 
chloric acid (in the presence of phosphate ion a small portion 
is test^ with potassium ferroc^ anide for ferric icn, and, 
iirespecti^ of whether it is found or not, ferric chloride 
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added) untile on treating a small jjuantity of the solution 
, with ammonia, a brown precipitate is produced. 

The hydrochloric acid solution is almost neutralised 
with sodium carbonate, treated with sodium acetate, and 
boiled. Ferric ion is precipitated as basic acetate, any 
phosphate ion present passing into the precipitate. If 
manganous ion is present, bromine water and ammonia 
produce a brown precipitate in the filtrate when heated. 
The precipitate is filtered off, and the filtrate treated with 
ammonium carbonate. The precipitate of barium, stron- 
tium, and calcium carbonates is tested for these three 
substances by the known methods. The filtrate from the 
carbonates still contains zim and magnesium ions. The 
former is precipitated by means of sodium sulphide, ^ and 
the latter separated in the filtrate from this by means of 
sodium phosphate. 

(i) The residue from (c), insoluble in hydrochloric acid saturated 
with hydrogen sulphide, is boiled, after washing, with 
dilute nitric acid. The residue is dealt with as in (1), and 
the solution as in (k). 

(k) The solution from (i) is treated with hydrochloric acid in 
order to precipitate silver ion ; the filtrate from the silver 
chloride is evaporated with sulphuric acid for the purpose of 
separating the lead ion as sulphate. The filtrate is rendered 
mmnoniacal ; a white precipitate points to bismuth ion 
(confirmation being obtained by dissolving it in a little acid 
and diluting it with water) ; a blue coloration indicates 
copper ion. The copper, cadmium, and cobalt ions are 
precipitated by means of a little sodium sulphide, and 
the sulphide precipitate boiled with sulphuric acid. 
Cadmium sulphide dissolves, and may be precipitated, after 
neutralisation, with sodium sulphide. Copper ion is 
precipitated, by means of potassium thiocyanate and sulphur 
dioxide from the nitric acid solution of the residue which 

' If, on treating the first sodium sulphide precipit^ite, the hydrochloric acid did 
not contain sufl&oicnt hydrogen sulphide, the precipitate may eontain cadmium. 
Small quantitiesi di cobalt and nickel may al8o‘ frequently be present in it. 
If, therefore it is not quite white, the precipitate is di^olved in nitric acid, the 
solution treated with sodium hydroxide and a little bromine water, and the 
filtrate tested for zinc ion by means of so^um sulphide. The precipitate 
produced by sodium hydroxide and bromine is dissolved in hydrochloric acid, 
the solution rendered ammoniacal after thfi hydrogen sulphide has been expelled, 
and potassium cyanide and sodium sulphide added. Jf yellow nreoinitate 
indioates cadmium sulphide. 
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was not di&solved by’sulpfcuric acid; cohali ion is pre- 
cipitated from the filtrate by bromine and sodium Kydrojdde. 
Since a precipitate may still contain portions of nickel, the 
presence of cobalt must be confirmed by a borax bead test. 

(l) The insoluble residue left in (i) may, in addition to sulphur, 

still contain black mercuric sulphide or its white double 
salt : 2 HgS,Hg(N 03 ) 2 , silver sulphide and lead sulphate. 

It is tested for lead ion by extraction with ammonium 
acetate and treatment of the filtrate with potassium 
dichromate ; the residue is examined for mercuric ion by 
treatment with aqua regia and addition of stannous chloride 
to the filtrate ; ^ally, the residue, insoluble in aqua regia, 
is tested for silver ion by extraction with ammonia solution 
and acidification with nitric acid. 

(m) Alkali ions may be detected in the original solution, if 
other cations are not present, by the method described on 
p. 579. If other cations are present, the examination is 
made as on p. 660. 

3. Vortmann’s Thiosulphate Method.^ 

(a) Silver ion, merciuy ion, and a portion of the lead ion are 
precipitaled with hydrochloric acid, and the precipitate treated 
as on p. 603. 

{h) The sulphates of lead, barium, strontium (and calcium) arc 
precipitated with sulphuric acid. The filtrate is dealt with 
as in (c). The precipitate is boiled with strong sodium 
carbonate solution, and the washed precipitate treated with 
acetic acid ; the carbonates of lead, strontium, and calcium 
(together with small quantities of barium) dissolve”. Barium 
sulphate remains undissolved. • 

Lead ion and the remainder of .the^ bariUm ion are 
separated by means of potassium chromate from the acetio 
acid solution. ^Aiter filtration the liquid is noutralised 
with ammonia, and heated, after the addition of a fourth of 
its volume of alcbhol. Strontium chromate i$ precipitated. 
If a white precipitate is produced in the filtrate by ammonium 
oxalate, the presence of calcium ion is indicated. 

(c) A small portion of the filtrate obtained in (6) is tested by 
boiling it^ith sodium thu^ulphate, to see whether a coloured 

" » p. 418. 
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or a white pulverul^tat precipitate is formed, or whether 
only a separation of sulphur (possibly in the form of fused 
drops) is produced. 

If a precipitate is fanned, the whole of the liquid intended 
for the precipitation of cations is treated with sodium thio- 
sulphate, while the following points, already mentioned by 
Orlowskiji must be noted. 1. The reaction of the liquid must 
be very slightly acid throughout the test. 2. It should con- 
tain little, if any, free nitric acid. 3. The sodium thiosulphate 
should be added in small quantities, and, after each addition, 
the liquid well mixed, boiled for two to three minutes, 
allowed to stand, and the supernatant liquid tested to see 
whether a precipitate has been formed, or whether it is 
still acid. 

{d) The precipitate is treated with ammonium sulphide, and the 
liquid filtered. The solution, which contains arsenic, 
anthnony, and tin as sulpho-anions, is acidified in order to 
precipitate the sulphides, and these then separated in the 
usual way (see p. 617). The residue, insoluble in ammonium 
sulphide, contains, in addition to the sulphides of mercury, 
bismuth, copper, and cadmium, more or less aluminium, 
chromium, and uranium as hydroxides. 

It is boiled with dilute nitric acid, whereby mercury is left 
as sulphide, and the filtrate treated with sodium hydroxide 
in excess, then with sodium hypochlorite, and boiled. 
Alutninium hydroxide dissolves as aluminate ion, and may 
be precipitated by boiling with ammonium chloride ; 
chromium hydroxide dissolves as chromate ion, which may 
bo recognised by its yellow colour, and which is precipitable 
in acetic acid solution with lead acetate. The residue is 
dissolved in hydrochloric ticid and treated with ammonia, 
w‘hereby complex copper and cadmium ions remain dissolved, 
and may ‘be separated in the usual way. The residue, 
* which may contain bismuth and uranium, is re-dissolved 
in hyclrochloric acid and treated with ammonium carbonate 
an^ ' ammonia in excess ; bismuth ion separates, while 
uranyl carbonate remains in solution, and may then be 

^ OrlowBki first suggested a syitemati^' course of qualitative analysis by 
means of alkali thiosulphate {Zeiisch. arufi,. Chem., 22, 357). On page 360 of 
that communication a statement is made wluch must be due to an error, because 
at the beginning of the course lead, barium, and sti^ntium ions should surely 
be precipitated with sulphuris acid or ^utalkall sulphate. * 
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precipitated by' means of acttic acid and potassiimi ferro- 
cyanide. , ■ 

(c) The filtrate obtained in the thiosulphate precipitation in (c) 
is treated as in the ordinary way with ammonia and am- 
monium sulphide, after the addition of ammonium chloride. 
The precipitate is separated as usual. It may also contain 
cadmium, which may be found with nickel and cobalt and 
sometimes with zinc. With regard to its detection in the 
presence of these metals, see Vortmann’s sodium sulphide 
method, {h), footnote on p. 840. 

(/) Tests for calcium ion (which was at most incompletely 
precipitated in {b)) must be made by means of ammonium 
oxalate in the filtrate from the ammonium sulphide pre- 
cipitate, and the filtrate from this tested for magnesium ion 
with sodium ammonium hydrogen phosphate. A separate 
portion is tested for alkali ions (see Vortmann’s sodium 
sulphide method, (m), p. 841), and another sample must 
be tested as usual for ammonium ion by means of calcium 
hydroxide. 

4. Ebler and Knoevenagel (and Ebler’s) Method of Separation 
by means of Hydrazine and Hydrosylamine SaltsA 

(а) The substance, if soluble in water or nitric acid, is evaporated 

(if necessary repeatedly) with concentrated nitric acid until 
it is free from chloride. This is done without other treat- 
ment if the substance is soluble in water or nitric acid, but 
otherwise after it has been dissolved in aqua regia (and any 
residue insoluble therein filtered off and tested by itself as 
usual, see p. 671). Tin and antimony separate as oxides ; 
the residue is well washed with dilute nitric acid and water, 
and fused with a mixture of potassium carbonate afid 
sulphur. The fused mass is dissolved irf water (if any residue 
is left which may contain copper, lead, bismuth, etc., as 
sulphides, it is dissolved in nitric acid, and the solution added 
to the main filtr%te) and treated with sulphuric acid. The 
sulphides which are precipitated are separated in the 
ordinary way. 

(б) The filtrate is tested firi the, cold with ammonium molybdate 

for phosphate ion, and •eventuall;^ after filtering off the 
precipita^b, by heatIng,^for arsenate ion. If phosphate ion 
' Adapted from the abeve*ni6nlioned pomrnunication of ponath. 
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was present, it should be removed by heating the liquid with 
granulated tin on the water bath. 

(c) The solution^ free from phosphate, is Ideated vyiih an excess of 

hydrochloric axdd to separate silver ion. Any silver chloride 
precipitate formed is washed with hot dilute nitric acid. 

(d) If arsenate was present, the solution, free from phosphate 
and silver ions, is treated with hydrazine chloride and fuming 
hydriodic acid to reduce the arsenate ion to arsenite ion, and 
hydrazine chloride added little by little until the liquid 
remains colourless.^ 

(e) The main solution (possibly treated as in (5) to (d) 2) which, if 

hydriodic acid was added in (d), may be rendered turbid by 
insoluble cuprous, mercurous, etc., iodide, is treated with 
10 c.c. of a solution of hydroxylamine hydrochloride (1 : 5), 
then with concentrated ammonia solution in excess, 
heated on the water bath until the liquid no longer has the 
odour of ammonia, filtered, and thoroughly washed with 
hot water. The precipitate is treated as in (/), and the 
filtrate as in (m). 

(/) The precipitate from (c) contains aluminium, chromic, ferric, 
bismuth, and lead hydroxides and metallic mercury. It 
is dissolved by heating it with concentrated nitric acid, and 
the solution treated with ammcnia. The mercury remains 
in solution as complex mercuric ammonium ion, and is 
separated as metal from the filtrate by means of 5 c.c. of 
hydroxylamine (1 : 5), the liquid being meanwhile heated 
for half an hour on the water bath. The ions of the remain- 
ing metals are precipitated as hydroxides. 

{g) The hydroxide precipitate obtained in (/) is dissolved in dilute 
' hydrochloric acid, and the solution evaporated to dryness 
c several times on the water bath to expel all the free acid, 
the residuQ. taken up with hot water, and the solution 
filtered. The residue is Usmuthyl chloride. 

(A) T^Aiod ion is precipitated with sulphuric acid from the filtrate 
from ig). 

(^) The f Itrate from (A) is poured into a mixture of equal parts 

^ The reduction of arsenate takes place in accordance with the equation : 
A80'"4-j-4H‘-f-2I^^A80''2+2H30-f2I, and only proceeds quantitatively from 
left to right if the free iodine has been ei^lled (by hydrazine) ; 4IH- NgH^ 
+41^. ^ 

• Instead of reducing the arsenate witbrhydriodic ao>d, it may be removed 
by distillation with methyl alcohol, with the introduction of gaseous hydro- 
chloric acid. This is particularly adviiwWe ^in j^he presence of borate ion. 
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of 20 per cent, -sodium kydrtxide solution and 3 to 4 per 
cent, hydrogen peroxide solution.^ Ferric hydroxide ^Hs 
precipitated. 

{h) The filtrate from (i) contains aluminate and chromate ions, 
the latter being recognisable by its yellow coloration. It is 
boiled with an excess of ammonium chloride until the 
odour of ammonia has disappeared. The formation of a 
precipitate indicates aluminium hydroxide, 

(l) The filtrate from (^) is acidified with hydrochloric acid and 

boiled with hydroxylamine chloride ; chromate ion is 
reduced to chromic ion (the colour changes from yellow to 
green). Ammonia precipitates chromic hydroxide. 

(m) The filtrate 2 from the first ammonia precipitate (e) is 
acidified with hydrochloric acid and (if iodine ion is not 
already present, owing to the reduction of arsenate) a little 
ammonium thiocyanate is added. Cufraus iodide or thio- 
cyanate is precipitated, and the solution is heated until the 
precipitate has subsided, leaving a clear liquid. The 
precipitate is then tested for copper, and the filtrate 
treated as in (%). 

{n) The fiUrate (which is decolorised by heating with a little 
hydrazine chloride if it is of a yellowish colour owing to 
iodine) is rendered ammoniacal, heated to boiling point, 
and treated with ammonium sulphide. The precipitate is 
treated as in ( 0 ), and the filtrate as in ( 5 ). 

( 0 ) The washed precipitate from (n) is dissolved in as little con- 
centrated hydrochloric acid as possible, if necessary after the 
addition of a little nitric acid, the solution evaporated on the 
water bath, the residue taken up with a little water, and the 
solution introduced into a sodium hydroxide solution contain- 
ing hydrogen peroxide (see (i)), heated for half an hour isn 
the water bath, and filtered. The pr^ipitate i» dealt with 
as in (p). The filtrate, which contains iincate ion, is treated 
with a little ammonium sulphide ; white zinc sulphide is 
precipitated. 

(p) The precipitate freftn ( 0 ) is dissolved in hydrochloric acid, the 
solution boiled until the chlorine, resulting from the solution 
of manganese dioxide or cobaltic and nickelic hydroxides, 

‘ Potassium percarbonate may be us^ instead. 

* If it has a bluish colour, owing"tc^tha influence of the air, it is heated with 
a few drops of hydrlftdne or hydfoxylamine chloride, in order to convert the 
cupric ion intd^the monovalent fottnjBtkain. 
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has been removed, t^en poured into a strongly ammoniacal 
‘ hydrogen peroxide solution, heated for a quarter of an hour 
in a covered vessel, and filtered. The precipitate is 
hydrated manganese dioxide. The filtrate is treated as 
in (q). 

(q) The filtrate from (p) is concentrated hy boiling] treated with 
fuming nitric acid, evaporated to dryness, and heated to 
about 250°, so that the greater portion of the ammonium 
salts is removed. The residue is dissolved in as little hydro- 
chloric acid as possible and a portion tested for cobalt ion 
with 'potassium nitrite, after the addition of sodium acetate. 
The remainder is treated with potassium cyanide and a little 
sodium hydroxide, gently heated, and ammonium sulphide 
added. Cadmmm sulphide separates as a yellow precipitate. 
The filtrate is dealt with as in (r). 

(r) The filtrate from (f?) is boiled in the air to oxidise the potassium 

cobaltocyanide to potassium cobalticyanide, and then 
treated with bromine and sodium hydroxide. Nickel ion is 
precipitated as black nickelic hydroxide. Cobalt ion may be 
precipitated from this filtrate, after evaporation with sul- 
phuric acid, by treatment of the aqueous solution with 
sodium hydroxide, and may be identified in the usual way. 

(5) The filtrate of the ammonium sulphide precipitate in (n) 
contains arsenic (if it has not been removed by distillation) 
in the form of a sulpho-salt ion ; this may be precipitated 
in admixture with sulphur by acidifying the liquid with 
hydrochloric acid and boiling it. It is evaporated with 
nitric acid, the residue dissolved in water, and arsenate ion 
identified in the solution by means of magnesia mixture. 

(^) The filtrate separated from the precipitated sulphur (possibly 
containing arsenic) contains the ions of the alkaline earths 
an^ alkalis,* which, after the ammonium salts have been 
removed, iflay be separated and identified in the ordinary 
manner. 

5. Ghistav Alisikvist’s Method 0 ! Separatidn, based on the Different 
Precipitability with Potassium Hydroxide and Potassium 
Carbonate.1 

% 

{a) The substance is dissolved in acid (in aqua regia, if iodine or 
cyanogen ion present), evaporated to a^small residue, and 
* Zeit9c\ awjrg. 108 , 22 ?. 
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, this treated with potassiun^ hydroxide. The solution is 
boiled until all the ammonia has escaped, treated with 
potassium carbonate and hydrogen peroxide, again boiled 
for 10 minutes, and filtered. The precipitate is treated as 
in (g). The solution, which contains the ions of arsenic, 
antimony and tin, lead, zinc, aluminium, and chromium, is 
divided into two portions, and treated as in (b) and (c). 

(h) One portion of the filtrate from (a) is strongly acidified with 
hydrochloric acid, filtered if necessary, and treated in an 
Erlenmeyer flask with iron powder poor in carbon, and the 
escaping gas introduced into a hydrochloric acid solution 
of mercuric chloride (as hydrogen arsenide may be formed, 
caution is necessary here). A yellow precipitate indicates 
arsenixi^ and a white one antimony. The precipitate formed 
in the Erlenmeyer flask is filtered off, and the filtrate 
tested with mercuric chloride for stannous ion. The 
residue, which may contain antimony, lead, iron, and a 
little arsenic, is washed and then heated with concentrated 
nitric acid, antimony fentoxide being left. 

(c) The second portion of the filtrate from (a) is heated with an 
excess of sodium sulphide. Lead and zinc ions are pre- 
cipitated as sulphides, and chromic ion as hydroxide ; the 
ions of arsenic, antimony, and tin dissolve as sulpho-anions, 
and aluminium ion as aluminate ion. The filtrate is dealt 
with as in (/). 

id) The separated precipitate from (c) is gently heated with 
hydrogen peroxide and treated with dilute sulphuric acid. 
Zinc and chromate ions dissolve, whilst lead remains un- 
dissolved as sulphate or sulphide. If it cannot be directly 
detected by its black colour, the separated precipitate is 
extracted with ammonium tartrate solution, and tbs 
solution thus obtained treated with sodium sulphide. 

{e) Zinc ion is detected in the filtrate from '(d) Iby precipitation 
with potassium ferrocyanide. Chromate ion may generally 
be recognised by the yellow colour of the filtrate obtained 
in (d), but otherwise may be detected in a sdp^rate portion 
of the filtrate by the blue coloration produced after acidifica- 
tion with sulphuric^ acid and treatment with hydrogen 
peroxide (ether being added?). 

{/) Aluminiui^ ion is prijdipJlated from* the filtrate (c) by the 
introduction «f carbo>n dwxide, and, ^if necessary, identified 
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by dissolving it in hydrochloric acid, separating the silicon 
dioxide, and treating the liquid with ammonia. " " 

{g) The precipitate obtained in (a) is dissolved by heating it with 
nitric acid and hydrogen peroxide (if necessary the solution 
filtered), and any residue examined in accordance with the 
course for insoluble substances, provided these have not 
been filtered off in (a)). The liquid is evaporated to dryness 
on the water bath (if phosphate ion is present, with the 
addition of tin), the residue taken up with water, and the 
precipitate ^ containing tin (antimony, arsenic), phosphate 
ion, and silicon dioxide filtered off. 

The solution is treated with ammonia in excess and with 
hydrogen peroxide, heated for 10 minutes on the water 
bath in a covered vessel, and ammonium oxalate then added. 

The precipitate, which contains iron, manganese, 
bismuth, barium, strontium, and calcium, is treated as in (h), 
the filtrate as in (^). 

(h) The precipitate from (^) is boiled with sodium carbonate 
and sodium hypochlorite solutions, whereby manganese 
dissolves as permanganate ion.2 The liquid is filtered, the 
residue treated with acetic acid,^ and evaporated (without 
filtration) to dryness, the residue taken up with water, and the 
liquid filtered. The residue is treated as in (^) ; the solution 
contains barium, strontium, and calcium ions, which are 
separated by means of potassium chromate in the usual way. 

{%) The residue from {/i) is dissolved in sulphuric acid and 
hydrogen peroxide ; one portion of the solution is tested 
for ferric ion by means of potassium thiocyanate, and 
another is reduced with stannous chloride and ferric ion 
and tested by means of potassium iodide for bismuth ionf 
^ which may be recognised by the yellow coloration.® 

^ Since it may contain iron and bismuth if too strongly heated, the precipitate 
is treated with strofig hydrochloric acid (if their ions are not found in the solu- 
tion), and tests for them applied to this solution. 

* If, in the presence of chromate ion, the red colour cannot be recognised, the 

solution is heated, after the addition of ammonia ; manganese separates as 
hydrated dioxide.- » 

* The alkalfWths dissolve herein, as their oxalates have been oxidised to 
carbonates by the hypochlorite. 

* If desired, the quantity of manganous ion, which is only oxidised to per- 
manganate ion to a small extent in pi), maj be estimated by precipitating it 
as {wroxide by heating the liquid with solid potassium persulphate before 
applying tests for ferric and bismuth iofis. ^ 

» If a turbidity, due to silver, mercurous, or cuprous iodide is formed, it 
should be allowed to subsieje. , * ^ ' 



UTUm iSYUTEMATIC COURSES 


m 


{k) The solution obtained in (^), wbicb may still contain traces 
of barium ion, is treated witn a few drops of sulphuric acid 
and filtered from any precipitated barium sulphate ; the 
ammoniacal solution is treated with hydrazine sulphate, 
and allowed to stand for some hours in a moderately warm 
place. Silver and mercury are precipitated as metals, and 
are separated from one another as in [1). The filtrate is 
treated as in (m). 

(/) The metallic residue is treated with aqua regia, the solution 
evaporated, and the residue taken up with water. Silver 
chloride is left, mercuric chloride dissolves and may be 
detected by means of stannous chloride. 

(m) The filtrate obtained in {k) is boiled with sodium hydroxide 
and sodium hypochlorite solutions until all the ammonia 
has escaped ; the precipitete is then dissolved in acetic 
acid, and sodium sulphite and potassium thiocyanate 
added; a precipitate indicates copper ion. The filtrate 
from this is divided into two portions. 

(w) One portion is evaporated, treated with potassium thio- 
cyanate, and shaken with amyl alcohol. The latter assumes 
an intense blue coloration in the presence of cobalt ion. 
The liquid is separated from the amyl alcohol in a separating 
funnel, and the aqueous solution tested for magnesium ion 
by means of ammonium phosphate. 

(o) The second portion of the filtrate obtained in (m) is tested 
for nickel ion by boiling with dimethylgyloximc. The 
filtrate from it is rendered alkaline, and treated with 
potassium thiocarbonate, whereby cadmium ion separates 
in the form of a yellow precipitate. 


B. Methods of separation for anions. 

Really trustworthy methods of separation, Based on the successive 
separation of the individual anions, have up to the present only been 
devised for certain groups, among them being the members of the 
second group of anions. ^Details of them will be ^cund under the 
“ Summary and Remarks ” at the end of the respective sections. 
We confine ourselves here to the following remarks : — 

H. Trey i has suggested groups ^hich correspond in the main with 
the group divisions in this book : A. Anions precipitable by silver 
\ Zeitsch. ami Chm.f 88, 688. 
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nitrate; (a) from nitric acid^ solution, (h\ from neutral solution. 

B. rAnions precipitable by barium chloride from mineral acid solution. 

C. Anions precipitable by barium and calcium chlorides from acetic 
acid solution. He recommends that tests to determine whether 
members of the individual groups are present should be applied in 
such a way that first, on the one hand, the acidified solution is 
treated with silver nitrate and the filtrate covered with a layer of 
ammonia solution, and, on the other hand, the acidified solution is 
treated vdth barium chloride, and calcium chloride added to the 
filtrate, which is then covered with a layer of sodium acetate solution. 
It is then possible to recognise at the points of contact of the layers, 
without the necessity of exact neutralisation, whether members of 
groups A, B, and C are present. 

Separate tests must then be made for the detection of the in- 
dividual members of the groups. 

Frits Feigl 1 has suggested separating the anions into two groups 
by precipitation with zinc nitrate from alkaline solution, and then 
testing the precipitate and the solution separately by means of drop 
reactions. 

The liquid is boiled with sodium carbonate (if alkali salts were not 
present from the start) and filtered, any ammonium ion present 
removed by boiling with sodium hydroxide, and nitric acid added 
(without neutralisation), with the subsequent addition of zinc nitrate 
in concentrated solution or solid form. The liquid is filtered, and 
there result : — 

A. A precipitate of the zinc salts of S", SO"3, PO"'4, BO'"3, 

F', Fe(CN)"'e, Fe(CN)""6, CN', (MoO''^, VO'"4, WO"4). 

B. A solution containing the zinc salts of CNS', Cl', Br', F, 

CIO'3, SO"4, S20"3, (SO"3). 

Smallaijuantities of the precipitate are transferred to a filter paper 
anfl treated successively with a drop of — 

1. Acid lead nitrate^ solution : Yellowish-brown, but when passed 
through a fla'mevblack, indicates S". 

2 . Sodium nitroprusside solution ; A raspberry-red coloration 
indicates SO"8. 

3 . Acid ferro'is salt solution : A bluisb green coloration indicates 
Fe(CN)""6, 

4 . Acid ferric salt solution : A dark blue coloration indicates 
Fe(CN'"fl). 

5 . Stannous chloride solution: '"A yellow to, brown coloration 

‘ anal. 136 . ' 
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indicates molybdate or tungstall ion. If neither sulphide nor 
sulphite are present, a test for cyanogen is made with — 

6. Mercurous nitrate solution : A black coloration indicates CN'. 

7. A portion is treated on turmeric paper with hydrochloric acid : 

If the paper is red when dried, becoming blackish-blue on treat- 
ment with potassium hydroxide, is indicated. 

8. A portion is examined by means of the etching test for F'. 

9. A part of the precipitate is dissolved in nitric acid, and tested 
for PO '"4 by means of ammonium molybdate. 

10. If sulphide or sulphite is present, a little of the precipitate is 
heated with sulphuric acid in a porcelain crucible which is 
covered with a filter paper saturated with ammonium sulphide. 
Treatment with a drop of acid ferric salt solution produces a 
red coloration in the presence of cyanogen ion. 

Small portions of the solution are tested : 

(а) With ferric chloride : A red coloration indicates CNS^ 

(б) With chlorine water and carbon bisulphide : A violet or 

brown coloration indicates V or Br' respectively. 

(c) With barium chloride ; A precipitate of SO" 4 , insoluble in 

hydrochloric acid, is formed. 

If no sulphite ion was found in 2, tests are made — 

(d) By the introduction of malachite green : Decolorisation 

indicates 

(e) The remainder of the solution is treated at boiling point with 

lead nitrate, and filtered. The precipitate is treated with a 
drop of silver nitrate : A brownish-yellow coloration 
indicates S 20 " 3 . 

(/) The filtrate is acidified with nitric acid, and silver nitrate 
then added ; the precipitate of Cl'(Br', Y) is digested with 
sodium arsenite solution, the liquid filtered, and the filtrate 
tested for Cl' by acidification with nitric acid. * 

{g) The filtrate from the silver precipitatfcn jn (/) is reduced 
with sulphur dioxide, and the CT produced from CIO's 
detected in the* nitric acid solution by means 'of silver 
nitr^^" 



APPENDIX 

I 

Behaviour of the most important Alkaloids towards Reagents, 
and Systematic Course for their Identification. 

The detection of alkaloids by means of reagents, and still more 
their separation, is incomparably more difficult than the differentia- 
tion and identification of most inorganic cations. In the case of 
many alkaloids the compounds, in the form of which they can be 
separated from others, are somewhat too soluble for the purpose of 
effecting sharp separations, whilst in the case of others we are only 
acquainted with the external phenomena of the reactions, and this 
is particularly applicable to the colour reactions, but cannot yet 
attribute them to their causes, so that we therefore lack exact 
knowledge of all the conditions which have a modifying influence 
on the occurrence of a reaction. If these remarks apply even to the 
pure alkaloids, they are still more applicable to the not completely 
pure alkaloids, such as are often obtained when they are isolated from 
food, cadaveric remains, etc. 

Under certain conditions these difficulties are intensified in two 
ways. In the first place, there arc alkaloids which cannot be identi- 
fied with certainty by means of cheimcal reactions, so that 'pinjsio- 
logical t^ts must be used for their identification. Thus, for example, 
afropine can only be definitely identified by its mydriatic action 
(enlarging Effect upcvi the pupil) when its solution is introduced into 
the conjunctival sac^of the eye of a man or a cat. or of the isolated eye 
of a frog. In the second place, there are formed in putrefying 
cadaveric remains, and sometimes also in normal or pathological 
urine, substfinces which behave like •^alkaloids, and frequently 
resemble some of them in their reactions in such a way that there is a 
possibility of their being mistaken for them. These substances, 
which have been investigated 'especially by Selmi, Nencki, Brieger, 
and Kratter, are termed ptomaines ' qt caMverig- alkaloids, and fre- 
quently also putrefaction hoses. ♦'T^^.e researches off Brieger and 
» ' ’ 8^52 ' 
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Kratter, however, have shown thai^the ptomaines only give mis- 
leading reactions when they are used in incompletely purified 6on- 
dition, i.e. in the form of the syrupy residue containing peptones, 
which is left on evaporating the extracts obtained in the course of the 
examination of bodies (Sec. 229, c). In the pure condition, however, 
most of them do not give any characteristic colour reactions. It is, 
therefore, of the utmost im'portance that suspicious substances obtained 
in the course of an examimtion should be thoroughly purified before being 
subjected to chemical or physiological tests. 

As an introduction to this branch of qualitative analysis, we have 
added Appendix L , for which, however, we do not claim completeness, 
preferring to restrict ourselves to the alkaloids of most importance 
and those most frequently used. Among these we include the 
following : Nicotine, coniine, morphine, cocaine, narcotine, quinine, 
cinchonine, strychnine, brucine, veratrine, and atropine. 

When the methods of identifying and separating these have 
been learned, it will not be a dilficult matter to extend the scheme 
to other alkaloids in a given case. 

Tlie appendix on the alkaloids is divided into the following 
1 leadings : — 

A. General reagents for alkaloids. 

B. Properties and reactions of individual alkaloids, arranged in 

groups in accordance with their analytical characteristics. 

C'. Properties and reactions of certain non-nitrogenous substances, 
which closely resemble alkaloids in their toxicological behaviour, 
or may be used for the adulteration of alkaloids, notably salicine, 
digitaline, and picrotoxine, 

D. Systematic course for the detection of the alkaloids, etc., here 
taken into consideration : 

(а) When only one may be assumed to be present. 

(б) When several or all of them may be assumed to be present, 
(c) When other organic substances are jjffesent. 

A. General Reagents for Alkaloids. 

• Seo. 209. 

Under the name of “ general reagents ” are to be understood such 
as precipitate all, or nearly ^1, of the alkaloids. They are, therefore, 
particularly suitable for determining whether an alkaloid is present 
in a solution, and* may be iwed for the separation of alkaloids from 
their solutiSns, but do not affojd the means/if differentiating between 
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the different alkaloids, or onlyfto a limited .extent. The reactions, 
ho\»^ever, only give certain results with pire solutions of alkaloids ; 
in particular, the presence of colloids, such as gum arabic, interferes 
with the occurrence of several of the reactions. Such interfering 
foreign organic substances must, therefore, be removed, if necessary 
by dialysis, before applying the reaction (J. Lefort and P. Thibault). 

Of the general reagents the most important are : — 

A solution of iodine in potassium iodide solution (Wagner i) ; 
platinum chloride ; gold chloride ; mercuric chloride ; potassium 
mercuric iodide (v. Planta,^ Mayer 3) ; potassium cadmium iodide 
(Marm6 ; potassium bismuth iodide (Dragendorff ; phospho- 
molybdic acid (de Vrij, Sonnenschein ®) ; phosphoantimonic acid 
(Fr. Schulze ’) ; phosphotungstic acid (Scheibler ®) ; picric acid 
(H. Hager ®) ; tannic acid (tannin). 

The Tmst important of these reagents are potassium bismuth 
iodide, phosphomolybdic acid, and tannic acid (Gadamer). 

In making a test, a drop of the solution containing the alkaloid 
is placed on a clock-glass, a drop of a solution of the reagent placed 
beside it by means of a glass rod, and the two drops mixed by gently 
shaking the clock-glass with a rotatory movement. 

Iodine in potassium iodide solution (Wagner’s reagent) : Originally 
a solution of five parts of iodine and ten parts of potassium 
iodide in 100 parts of water was used ; more recently C. Kippen- 
berger has recommended the use of N/10 iodine solution (containing 
12*7 grms. of iodine and 60 grms. of potassium iodide per litre). 
The reagent produces in neutrakor slightly acid solutions of alkaloids 
flocculent brown precipitates of alkaloid periodide hydriodides of the 
general formula Alk,l 2 .HI. Their formation and separation is 
promoted by acidifying the solutions with sulphuric acid. If the 
precipitate# is dissolved, after washing, in an aqueous solution of 
sulphur dioxide, and the solution evaporated on the water bath to 
remove the oxcess of sulphur dioxide and hydriodic acid, the base 
is left in combinauioR with sulphuric acid. If the precipitate was 
produced in a solution which contained a largo proportion of organic 
acids, it should be dissolved in a dilute solution of sodium thiosulphate, 
a 

* Zeitach. anal Chem., 4, 387. 

* “ Das Verhalkn der vHchtigsien Alkaloide gegen Beagenzien,'* Heidelberg, 
1846. 

® Viertdjahrsch. /, Pharm.f 18, 43. “ * Zeitach. anal. Chem.t 6, 123. 

* Ihid.f 5, 406. d. Chem. u. Pharm., 104, 46. 

» Ibid., 109, 179. » ZeitSch. atkd. 12, 315. 

* Pharm. Zentralh., 10, 131. Zeipach. anahChem., 85, 412 (1806). 
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the liquid filteredj iodine solution again added to the filtrate, and 
the fresh precipitate thus obtained treated as described above.' If 
the brownish-red precipitate produced by iodine-potassium iodide 
solution in a solution of a strychnine salt is dissolved in alcohol 
containing sulphuric acid, and the solution allowed to evaporate, 
crystalline rods of strychnine periodate sulphate (with pronounced 
polarising action) are obtained (do Vrij and van der Burg i). With 
regard to quinine periodide sulphate, cf. Sec, 217, 11. 

Platinum chloride is used in the form of a neiltral solution of one 
part in twenty parts of water. It forms compounds with alkaloid 
hydrochlorides analogous to ammonium platinochloride. Some of 
these are only sparingly soluble in water, others dissolve fairly 
readily. The platinochlorides are most certainly and most quanti- 
tatively obtained when the solutions are evaporated nearly to dryness 
with sufficient platinum chloride, and the residue treated with 
alcohol. The compounds are yellowish- white or yellow ; some are 
crystalline and others flocculent ; and most of them dissolve more 
readily in hydrochloric acid than in water. 

Auric chloride^ in neutral aqueous solution (1 : 30) gives with 
alkaloid hydrochlorides, in not too dilute solution, yellow or brown 
amorphous or crystalline precipitates of aurochlorides. Some of 
these easily decompose, with the separation of metallic gold. 

Mercuric chloride. C. Kippenberger considers a solution of 
13*55 grms. per litre the most suitable ; other authorities use a 
solution of 50 grms. per litre. The reagent gives with many alkaloid 
salts white or yellowish precipitates, which are usually amorphous, 
but gradually become crystalline. The compounds of brucine, strych- 
nine, codeine, and thebaine are practically insoluble, whilst those of 
veratrine, narcotine, atropine, and narceine dissolve fairly readily. 
The presence of mineral acids does not prevent the reaction, but 
acetic acid and alcohol are injurious. A large excess of mercuric 
chloride must be avoided, since many of tho*compourtds may then 
be dissolved (C. Kippenberger 2). 

Potassium mercuric nodide solution (Mayer’s reagent). This is 
prepared by dissolving 13*55 grras. of mercuric chloride in a concen- 
trated solution of 50 grfiis. of potassium iodide, feyd diluting the 
liquid to a litre. The reagent gives a precipitate with solutions of 
the salts of all the alkaloids.^ The precipitates are white to yellowish- 
white and insoluble in water and^diiute hydrochloric acid. 

^ LieUg rt, Kopps JaHresher.f 1857, 802. 

■ ifruruilage% fUr den,^^fihwe%9 wn Gif^to^en, 1897, 100. 
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Potassium cadmium iodide sMution. This Is prepared by dissolving 
10 grms. of cadmium iodide in a boiling solution of 20 grms. of 
potassium iodide in 60 c.c. of water. After the solution is complete, 
the liquid is diluted with an equal volume of a cold saturated solution 
of potassium iodide. The reagent produces precipitates in very 
dilute solutions of alkaloid salts acidified with sulphuric acid. The 
precipitates are white or yellowish-white and flocculent, although 
some of them soon become crystalline. They are insoluble in ether, 
readily soluble in alcohol, but less soluble in water, and dissolve 
readily in excess of the precipitant. The precipitates have a 
tendency to decompose after standing for some time. The alkaloids 
may be separated from the undecomposed precipitates by treatment 
with aqueous solutions of alkali carbonates or hydroxides, and shaking 
the liquids with solvents suitable for the extraction of alkaloids, but 
not miscible with water (benzene, amyl alcohol, ether, etc.). 

Potassium bismuth iodide solution (Dragendorff’s reagent). 
Bismuth iodide is introduced into a hot concentrated solution of 
potassium iodide so long as it dissolves, the liquid filtered while hot, 
and the filtrate diluted with an equal volume of a cold saturated 
solution of potassium iodide. The resulting orange-coloured liquid 
is stable ; when kept it should be protected from the light. Accord- 
ing to Thoms 1 the reagent may also be prepared by dissolving 
80 grms. of bismuth subnitrate in 200 c.c. of nitric acid of sp. gr. ri8, 
and pouring this liquid slowly and with stirring into a concentrated 
solution of 272 grms. of potassium iodide in water, whereby the 
brown precipitate first formed dissolves to form a yellowish-red 
solution. The liquid is allowed to stand for several days in as cold a 
place as possible (an ice chest), and is then decanted from the crystal- 
, lised potassium nitrate, and diluted to one litre. When added, drop 
by drop, to aqueous solutions of alkaloid salts, acidified with sulphuric 
acitl (10 c.c. of the alkaloid salt solution with 5 drops of concen- 
trated sulpfiuric jacid) the reagent produces almost immediately 
flocculent orange precipitates with nicotine, coniine, morphine, 
cocaine, Aarcotine, quinine, and cinchonine, strychnine, brucine, 
atropine, and njost other alkaloids. Ver^trine solutions, however, 
show only a s*iight turbidity. The precipitates obtained with the 
first-mentioned alkaloids become somewhat agglomerated on heating ; 
on continuing the heating for some time<bhey dissolve, but the greater 
portion of the compounds separate^i e,gain on cooling. None of the 
precipitates is crystalline*. The separation of the*&lkaloids from the 
» Zef<«jr*. eriof. Chm^Vf, 2p9 (IWS). * 
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precipitates may be ejected as in%he case of those produced by 
potassium cadmium iodide. 

Phosphomolyhdic acid solution (Sonnenschein’s reagent). Disodium 
hydrogen phosphate solution is treated with the ordinary ammonium 
molybdate reagent (p. Ill), and the precipitate well washed, first with 
5 per cent, ammonium nitrate solution, and afterwards with cold 
water. It is then mixed with a little water, and dissolved by the 
addition of the smallest possible quantity of hot sodium carbonate 
solution. The resulting solution is evaporated, and the residue 
ignited until all ammonia has been expelled, and then dissolved in 
ten times its quantity of water. This solution is treated with nitric 
acid in sufficient quantity to dissolve the precipitate first formed. 
The reagent precipitates all the alkaloids (but also ammonia and 
amines) from their acid solutions, and in most cases even from very 
dilute solutions. The precipitates are amorphous, pale yellow, 
ochre-yellow, or brownish-yellow, and are insoluble or only very 
sparingly soluble in water, alcohol, ether, and dilute acids, with the 
exception of phosphoric acid, at the ordinary temperature, being 
most insoluble in dilute nitric acid, especially when a little of the 
reagent is also present ; acetic acid is also practically without 
influence, but has a solvent action when hot. The precipitates are 
readily soluble in solutions of alkali hydroxides or alkali carbonates, 
usually with the separation of the alkaloid ; they are also decom- 
posed, with liberation of the alkaloid, when acted upon for some time 
by alkaline earths, silver oxide, lead oxide, and carbonates of those 
metals. The liberated alkaloids may then be extracted by treatment 
with suitable solvents (ether, amyl alcohol, benzene, etc.). 

Phospho-anlimonic acid solution (Schulze’s reagent). Antimony 
pentachloride is added drop by drop to a concentrated aqueous , 
solution of phosphoric acid. The reagent prepared by Schulze’s 
original method of introducing 10 grms. of antimony pentachlofide 
into 40 grms. of a saturated solution of sodium h^^drogen phosphate 
is less stable ; a large deposit of pyroantimonic acid is soon formed 
(R. Otto). The solution, like the phosphomolybdic acid solution, 
precipitates ammonia and most alkaloids, but does not precipitate 
caffeine. The reactions^* are sensitive, but in the”' case of most 
alkaloids, and notably nicotine and caffeine, are less sensitive than 
the phosphomolybdic acid reactions ; only in the case of atropine 
is phospho-antiraonic acid the^nore sensitive reagent. As a rule, 
the precipitates aft flocculent and whitish, fiut the brucine precipitate 
is pink. When hehted tht Jajter dispolwes, but ^arates again, 
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on cooling, from the liquid, ^ich remains* of an intense crimson 
colo\ir, 

Phosphotungstic acid solution (Scheibler’s reagent). Six parts of 
commercial sodium tungstate (Na 2 Wo 4 . 2 H 20 ) are dissolved in 
16 parts of water, and the solution treated with 5 parts of a 20 per 
cent, solution of phosphoric acid (I* 12). The reagent precipitates all 
alkaloids from their solutions, the precipitates being flocculent and 
white. The reactions are very sensitive. Acid solutions contain- 
ing only of strychnine or of quinine still show a 

distinct turbidity ; if flocculent deposits subside, after standing for 
24 hours, they may be separated and washed with slightly acidified 
water without passing through the filter. The precipitates arc decom- 
posed by calcium hydroxide or barium hydroxide, with the formation 
of insoluble phosphotungstic acidsalts,and separation of the alkaloids. 

Picric acid is used in 1 per cent, aqueous solution. It precipitates 
nearly all the alkaloids as picrates, even from solutions strongly 
acidified with sulphuric acid. The precipitates, which are crystalline 
or soon become so, are yellow, and, in most cases, are insoluble in 
excess of picric acid solution ; in the case of the majority of alkaloids 
they are formed even in very dilute solutions. The exceptions are 
given in the description of the individual alkaloids. 

Tannic acid (tannin) solution. A fre&hly prepared solution of one 
part of tannin (free from gallic acid) in eight parts of water and one 
part of alcohol produces flocculent, white, or yellowish precipitates 
in neutral or very slightly acid solutions of alkaloids. Morphine is 
not precipitated, or only to an insignificant extent. 

B. Properties and Reactions of Individual Alkaloids. 

(a) Volatile alkaloids. 

The volatile alkaloids are liquid at the ordinary temperature, 
an^ may be^ volatilised either in the pure condition or with water. 
Hence, they are ob^'-airfed in the distillate when their salts are distilled 
with strong non-volatile bases and water. Their vapours form fumes 
when brouj^ht into contact with those of vofatile acids. 

Seo. 210. ‘ 

1. Nicotine, C 10 H 14 N 2 . 

P-Pyridyl-n-methyl-a-pyrr(didine, tl 5 H 4 N.C 4 H 7 N (CHa) . 

1. Nicotine, which occurs in associlttion with ather alkaloids in 
the leaves and seeds of ^he^ tobacco* ptot (Nieotiana tabacum and 
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rmtica), is, when absc'Iutely pure,«a colourless oily liquid, which 
becomes slightly yellow or brown through the action of the air. Its 
specific ^avity compared with water at 4® is 1*01837 at 10*2°, and 
rOllOl at 20° (Landolt).^- It boils in an atmosphere of hydrogen 
at 246*2° (FI, Ratz) 2 under a pressure of 719*8 mm., without under- 
going decomposition. When heated to boiling point in the air, it is 
partially decomposed. Natural nicotine rotates a beam of polarisM 
light to the left. Ratz found a particularly pure preparation to have 
[ak= -169°. 

It is miscible with water in all proportions. Potassium and 
sodium hydroxides precipitate it from its solution. It is readily 
soluble in alcohol, ether, amyl alcohol, and petroleum spirit. 

Nicotine has a j)enetrating odour of tobacco, which is particularly 
pronounced on heating. It has a sharp burning taste and is very 
poisonous. Applied to paper, it produces a transparent stain which 
slowly disappears ; it turns turmeric paper brown and red litmus 
paper blue. These reactions are more distinct with concentrated 
aqueous solutions of nicotine than with the pure alkaloid. 

2. Nicotine has the character of a fairly strong mono-acid base ; 

it precipitates hydroxides from solutions of metallic salts, and com- 
bines with acids to form sails* The latter are non-volatile, or only 
slightly volatile ; they are readily soluble in water and alcohol (with 
the exception of nicotine acetate), but are insoluble in ether, amyl 
alcohol, chloroform, benzene, and petroleum spirit ; some of them 
can be crystallised. They are odourless, but have a strong taste of 
tobacco. Their solutions can be evaporated at a moderate heat, 
without any considerable loss of nicotine. Nicotine hydrochloride 
(unlike coniine hydrochloride) only crystallises with difficulty. K 
forms a deliquescent crystalline mass, which, on evaporating its 
solution, volatilises, with partial decomposition, into its cJlnponents 
(A. Pinner). The salts, when distilled with potassium hydroxide 
solution, yield a distillate containing nicotine If thi^ distillate is 
neutralised with oxalic acid and evaporated, there is left a residue 
of nicotine oxalate, whkh may be separated from any aiumonium 
oxalate present by means of alcohol, in which the former salt is 
soluble and the latter insdluble. * 

3. On shaking an aqueous solution of nicotine, or a solution of a 
nicotine salt to which pot^sium or sodium hydroxide has been 
added, with ether or 'petroleum spiric^ the nicotine will be extracted. 

• o 

Ann. d, Chem.* 189 , 319. 
a Wiener mi {\m). 
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Owing to the ready solubilitjf^^^ of nicotine •in water, however, its 
transference to the extraction-solvent is far from being quantitative. 
The greater the amount of alkali hydrochloride added to the solution, 
the more complete is the extraction. It is advisable to repeat the 
shaking several times with fresh portions of ether or petroleum spirit. 
If the resulting solution is allowed to evaporate on a clock-glass at 
about 20®-30° the nicotine is left in drops and streaks. On heating 
the glass, the drops volatilise as a white vapour with a strong odour. 
If an ethereal solution of hydrogen chloride is added to the liquid to 
be evaporated, nicotine hydrochloride is left as an amorphous yellow 
residue, which only becomes crystalline after standing for a long 
time. 

4. ConcerUraled sulphuric acid and nitric acid of sp. gr. 1'2 
dissolve nicotine in the cold, yielding colourless solutions, whilst 
cold nitric acid of sp. gr. 1*4 dissolves it to form a red solution. 

5. On gently heating a drop of nicotine with three or four drops 
of hydrochloric acid of sp. gr. 1*12 a pale brownish-red solution is 
obtained. When this is treated, after cooling, with a drop of nitric 
acid of sp. gr. 1*4 it becomes violet-red and then gradually red. 

6. A solution of iodine in potassium iodide solution, when added in 
small proportion to an aqueous solution of nicotine, produces a 
yellow precipitate, which disappears after some time.' On adding 
more iodine solution an abundant red precipitate is produced ; a 
similar precipitate is also formed in solutions of nicotine salts. These 
precipitates also disappear after some time. 

7. Platinum chloride produces a whitish-yellow precipitate in 
aqueous solutions of nicotine or nicotine salts, which are not too 
dilute. The precipitate is flocculent at first. When the liquid 

L containing it is heated the precipitate dissolves, but, on continuing 
the heatmg, is soon re-precipitated as a heavy crystalline orange- 
yehow powder, which is seen under the microscope to be composed of 
round crystalline^ granules. If a fairly dilute aqueous solution of 
nicotine is treated with excess of hydrochloric acid and then with 
platinum vjhloride the liquid remains clear ai first. After some time, 
however, the platinochloride separates in minute crystals (pointed 
quadrilateral ^ods) visible even to the naked eye. An alcoholic 
solution of nicotine containing free hydrochloric acid is immediately 
coloured yellow by platinum chloride. » The salt thus obtained is a 
finely-granular powder. 

8. Auric chloride, when added in excess, produces in solutions of 
nicotine salts, as also in, ai^ aqueous* solution of nicotine^ a flocculent 



SEO. 210 


NICOTINE 


861 


reddish-yellow precipitcte, which diftolves with difficulty in hydro- 
chloric acid. In the presence of excess of nicotine the precipitate 
is' not formed. 

9. On adding an aqueous solution of nicotine to an excess of 
^mrcuric chloride solution there is produced an abundant flocculent 
white precipitate, which is soluble in hydrochloric acid and in 
ammonium chloride solution. A neutral solution of nicotine hydro- 
chloride, but not one containing an excess of acid, also gives a pre- 
cipitate with mercuric chloride. 

10. On treating an aqueous or alcoholic solution of nicotine with 
silver nitrate solution the liquid assumes a faint brown coloration, 
which gradually becomes brown, and finally, after a long time, a 
brownish-black precipitate is formed. 

11. Picric acid, when added in excess to an aqueous solution of a 
neutral nicotine salt, gives a yellow precipitate. This precipitate is 
crystalline or soon becomes so, and is soluble in hydrochloric acid. 

12. A solution of tannic acid gives an abundant white precipitate 
with aqueous solutions of nicotine. On adding hydrochloric or 
dilute sulphuric acid to the liquid the precipitate is dissolved. 

13. When an ethereal solution of nicotine is mixed with an equal 
volume of an ethereal solution of iodine, and the mixture allowed 
to stand in a closed dry test-tube, there separates a brownish-red 
resinous oil, which gradually solidifies to a crystalline mass. On 
allowing the light brownish-yellow supernatant liquid to stand, long 
transparent ruby-red crystals (shimmering blue in reflected light) 
shoot through it {Poussin’s crystals). According to C. Kippen- 
berger,! these consist of the hydriodic acid salts of nicotine mono* 
iodide, C 10 H 13 IN 2 , and of periodides of this salt. Under certain 
conditions of concentration Kippenberger sometimes obtained pale 
yellow crystals, in addition to Eoussin’s crystals. Tflb reaction 
is very characteristic, but unfortunately requires a consideiftble 
amount of material. In the case of a solution of grm. of 
nicotine in 40 grms. of ether (1 ; 5(X)) the crystals only appear after 
about 4 hours ; whilst 9 n a solution of 1 : 150 or 1 : 100 they appear 
after a few minutes (Dragendorfi and Zalewsky). As a rule, old 
resinified nicotine no longer gives the crystals (W. Xuwenrieth). 

14. On adding an alcoholic solution of nicotine to 2 to 3 c.c. of 
epichlorhydrin, and heating the mixture until it boils, the solution 
becomes deep red (distinction frb'ln coniine). The lower limit of 
sensitiveness for reaction' i 8 **reached wfbh the use of 5 drops of a 

• 1 iieitscJi. acali'tlhem,, 42 , ( 1903 ). 
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Bolution of 1 : 500. The reactfon is then obtained only after long 
continued boiling (H. Melzer i). 

15. If unresinified nicotine is heated with one drop (more causes 
explosion) of a 30 per cent, solution of formaldehyde (free from formic 
acid), and the resulting solid residue treated, after a few hours, with a 
drop of concentrated nitric acid, an intense pink to red coloration is 
produced. A distinct reaction is given by as little as O' 5 mgrm. of 
nicotine. The test succeeds as well, or even better, when pure/omic 

is used instead of formaldehyde. Coniine does not give the 
reaction (Schindclmeiser 2). 

16. According to Dragendorff and Zalewski, the general reagents 
for alkaloids show the following limits of sensitiveness when applied 
to 0*1 c.c. of a neutral solution of a nicotine salt : Platinum chloride, 

1 : 5000 ; auric chloride, 1 : 10,000 ; phosphomolybdic acid, 
1 : 40,000 ; i)ota88ium bismuth iodide, 1 : 40,000 ; potassium 
mercuric iodide, 1 : 15,000 ; mercuric chloride, 1 : 1000 ; tannic 
acid, 1 : 500 ; and iodine in potassium iodide solution, 1 : 3000. 


Sec. 211. 

2 . Coniine, C8H17N. 

a-Propylpiperidine, C6Hio(C3H7)N. 

1. Coniine occurs, together with small quantities of other allied 
alkaloids, in the seeds, especially when unripe, and also in other parts 
of the spotted hemlock {Conium maculatum). It is a colourless oily 
liquid with a repulsive stupefying odour and a pungent taste. 
According to Zalewsky the mouse-like odoiu of dilute solutions of 
• coniine do^.s not belong to it, but is due to impurities, possibly de- 
composition products of the alkaloid. On exposure to the air 
comine becqmes brown and viscid. It has a specific gravity of 
0'845 at 20°, and boils^at 168*5°. Even at the ordinary temperature 
it volatilises to a considerable extent. It distils without alteration 
in a curreht of hydrogen, but when distilled in vessels containing 
air it turns brown, and is partially decompqsed ; it is readily volatile 
in a current of steam. It dissolves with difficulty in water, 90 parts 
at the ordinary temperature dissolving one part of coniine. It is 
much less soluble in hot water, so tha^ a cold saturated solution 
becomes milky when heated and qie^r again on cooling. Coniine 

* W m 

1 Zeiisch. anal. Chem., 87, 367 
• Phar^fi. Zenlralh.t.lX^, ’/03,(1899). 
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is miscible with alcohol in all propdHions ; it also dissolves readily 
in ether, petroleum spirit, and essential and fatty oils, but is^less 
soluble in chloroform (H. Melzeri). Solutions of natural coniine 
rotate a beam of polarised light to the right [«]©= +13’8°. Aqueous 
and alcoholic solutions show a pronounced alkaline reaction. 

2. Coniine is a strong mono-acid base ; like ammonia, it precipi- 
tates hydroxides from solutions of metallic salts, and combines with 
acids to form salts. The latter are soluble in water and alcohol, 
insoluble in petroleum spirit, and insoluble, or practically so, in ether. 
Coniine produces dense white fumes with volatile acids. Coniine 
hydrochloride crystallises readily ; if a trace of coniine is dissolved 
in one or two drops of concentrated hydrochloric acid, and the 
solution evaporated, colourless or slightly yellow crystals are im- 
mediately obtained, the characteristic form of which, in pointed 
needles or rods grouped into stars or angular aggregates, may be 
recognised under a magnification of 180 to 250 diameters. (Distinction 
from nicotine.) Coniine hydrochloride is readily soluble in absolute 
alcohol. (Distinction and method of separation from ammonium 
chloride, W. Lenz.) Solutions of coniine sulphate yield first needle- 
shaped and subsequently large leaf-like crystals (Dragendorff). The 
salts, when dry, have no odour of coniine, and only a faint one when 
moist, but on adding sodium hydroxide a pronounced odour is 
developed ; on then distilling the liquid the distillate will contain 
coniine. If this distillate is neutralised with oxalic acid and evapo- 
rated, and the residue treated with alcohol, the coniine oxalate will 
dissolve, whilst any ammonium oxalate present will remain un- 
dissolved. 

Since coniine is only slightly soluble in water, and still less soluble 
in aqueous solutions of alkalis, a concentrated solution of a coniine 
salt becomes milky on the addition of sodium hydroxide. The drops 
which first separate gradually unite and collect upon the surface.* 

3. When an aqueous solution of a coniine salt is shaken with 
sodium hydroxide and ether or 'petroleum spirit', the coniine will be 
extracted by these solvents. On then allowing the extract to 
evaporate on a clock-glass at about 20° to 30°, the cqjiiine will be left 
in the form of oily yellow drops. 

4. Coniine dissolves in cold concentrated sulphuric add and in 
cold nitric add of sp. gr. r4^without producing a coloration. ^ 

5. Coniine behaves like nicotine' towards solutions of with 
potassium iodide a]^ of tannic add, * 

» Arch, d., Harm., 2^ m. 
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6. Platinum cUoride produ<Ds a precipitate only in concentrated 
Boliibions of coniine hydrochloride ; in dilute solutions no precipitate 
is formed, even on the addition of alcohol. (Essential distinction 
from nicotine.) 

7. Auric chloride produces a yellowish- white precipitate, but only 
in concentrated solutions of coniine hydrochloride ; the precipitate 
is insoluble in hydrochloric acid. 

8. Mercuric chloride precipitates coniine as a white precipitate 
soluble in hydrochloric acid. 

9. ^silver nitrate produces immediately a grey-brown precipitate 
in either aqueous or alcoholic solutions of coniine. 

10. On treating coniine with water, and adding chlorine water, an 
abundant white precipitate, readily soluble in hydrochloric acid, is 
produced. (Distinction from nicotine.) R. Otto could not always 
obtain this reaction. 

11. When coniine is treated with water, and saturated solution of 
picric acid added, a yellow precipitate is formed ; no precipitation 
takes place, however, in a dilute solution. 

12. On treating a few c.c. of an alcoholic solution of coniine with 
five drops of carbon bisulphide, and allowing the mixture to stand for 
some minutes, it shows a more or less pronounced yellow coloration. 
On then adding two or three drops of a dilute aqueous solution of 
copper sulphate (1 : 200), a yellow to brown precipitate or coloration 
is produced, according to the concentration. The reaction is obtained 
even with 2 c.c. of a solution of 1 : 10,000 (H. Mclzeri). 

13. When a few drops of a solution of 1 grm. of potassium per- 
manganate in 200 grins, of concentrated sulphuric acid are mixed 
with a little coniine, the green coloration first produced changes to a 
violet coloration, which remains unchanged on further addition of 
sulphuric acid (D. Vitali and C. Stroppa 2). 

' 14. Using 01 c.c. of a neutral solution of coniine sulphate, 
Dragendorll and Zalewsky found the general reagents for alkaloids 
to have the following degrees of sensitiveness : Phosphomolybdic 
acid, 1 ;^5000 ; potassium bismuth iodide, 1 : 6000 ; potassium 
mercuric iodide, 1 : 1000 ; tannic acid, 1 : 100 ; platinum chloride, 
aunc chloride, and mercuric chloride, lest than 1 : 100 ; and iodine 
in potassium iodide solution, more than 1 : 10,000. 

1 Zeitach. anai, Chem., 87, 864 (1898) 

» ZeiUch. Untera. Fahr. Cknuss., 8, 687 (1900). 
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Summary ard Rermks on the Volatile Alkahids. 

The volatile alkaloids are most easily identified in the pure con- 
dition.^^ Hence, steps must first be taken to obtain them in such 
condition. Ihe method of doing this, in the case of nicotine and 
coniine, has already been outlined above. The aqueous solution 
containing them is treated with sodium hydroxide and distilled in a 
current of hydrogen, and the distillate is neutralised with oxaHc 
acid and evaporated. The residue is taken up with water, the solution 
treated with sodium hydroxide, and shaken with ether or petroleum 
spirit,^ and the extract containing the alkaloids allowed to evaporate 
at 20°. Coniine is distinguished from nicotine, in particular, by its 
odour, by its very slight solubility in water, the behaviour of the 
aqueous solution when heated, the rapid crystallisation, crystalline 
form and optical behaviour of its hydrochloride, and its behavioii 
towards silver nitrate, platinum chloride, chlorine water, and picric 
acid, and towards carbon bisulphide and copper sulphate. Nicotine 
is characterised by its behaviour when heated with hydrochloric acid, 
followed by treatment with nitric acid, but especially by its behaviour 
towards an ethereal solution of iodine, and towards epichlorhydrin. 
Lastly, it should be borne in mind that the general reagents for alka- 
loids precipitate nicotine from much more dilute solutions than 
coniine. In forensic cases, in the case of coniine in particular, a 
physiological test of identification (paralysis of the peripheral nerves) 
should be made by a qualified expert. ^ 

(b) Non-volatile alkaloids. 

The non-volatile alkaloids are solid, and cannot be distilled in 
a current of steam. • 


First Group. 

Non-volatile Alkaloids, which are precipitated from their solution 
by Potassium or Sibdium Hydroxide, and not redidl^olved on 

addition of excess of the precipitant. 

• © • , 

Of the alkaloids described here morphine and cocaine belong to 
this group. 

» Further chemical methods of differentiating between nicotine and coniine 
have been given by Cl,Reiohard (FAar%. ZentralA.,*iQ, 262 and 309 (1906)), 
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S>sc. ^3. 

1. Morphine, CirHitNOg. 

CeH2(OH);^^^C,Hio{OH)N.CH8. 

^CH^/ 

1. Morphine occurs, together with the alkaloids codeine, thebaine, 
papaverine, narcotine, narceine, and about ten others, and also with 
meconic acid and the inert nitrogenous compounds meconine and 
meconoisine, in opium, the dried latex of the green seed capsules of the 
poppy (Papaver somniferum). Crystalline morphine, C17H1QNO3.H2O, 
is usually in the form of lustrous transparent needles, short rhombic 
rods, or (when obtained by precipitation) a white crystalline powder 
with a bitter taste. According to the determinations of M. Scholtz 1 
and R. Maych,^ the solubility of morphine is as follows : 1 part 
in 6000 parts of water at 15*^, and in 500 parts at 100° ; in 7630 
parts of ether at 20° ; in 10,600 parts of ether saturated with 
water ; in 1600 parts of benzene ; in 1525 parts of chloroform ; 
in 1170 parts of petroleum spirit ; in 781 parts of acetone ; in 537 
parts of acetic acid ; in 300 parts of alcohol ; in 100 parts of amyl 
alcohol at 17’5 (and still more readily in the boiling solvent) ; and 
in 4' 8 part-s of a saturated aqueous solution of chloral hydrate. 
The solutions in hot alcohol, as also those in hot water, have a 
distinctly alkaline reaction and a bitter taste. Morphine is extracted 
from them by freshly ignited bone charcoal (M. J. Lefort), and also 
by fuller’s earth prepared in a specified manner (J. V. Lloyd 3). 
Morphine has a laevo-rotation : [a]u= 98’4°. Crystallised morphine 
loses its water of crystallisation at as low as 90° to 100°, and when 
carefully heated at a higher temperature (not much below 230°) 
it may melt and sublime without decomposition (Hesse). In 
alkaline solution morphine is converted by the action of atmospheric 
oxygen intt oxydimorphine (pseudo-morphine), C34H3eN206.3H20. 

2. Morphine neutralises acids completely, combining with them 
to form fiiorphine salts. Most of these are crystalline ; they are 
readily soluble in water, and most of them also in alcohol (the sul- 
phate requires 'lOO parts of cold and 144 parts of boiling alcohol of 
sp. gr. 0*82), but are insoluble in ether, chloroform, and amyl alcohol ; 
they have a nauseous bitter taste. Freshly ignited bone charcoal 

1 Arch, d. Pharm., 260, 418 (1912). 

* ZeUach, anal. Chem., 89, 119 (1900)^ 

• Cf. W. Oatwald, Die WeU in vernacMaajigten Dimeoaianen, 2nd ed., 1916, 
pp. 99 and 194, 
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extracts morphine from solutions erf its salts (Dragendorff). Mor- 
phine and morphine salts are poisonous. 

3. Potassium hydroxide, sodium hydroxide, and amrmrm precipi- 
tate morphine from solutions of morphine salts (in most cases only 
after some time) in the form of a white crystalline powder. The 
separation is promoted by stirring, and by rubbing the sides of the 
vessel below the liquid. The precipitate dissolves very readily in 
exces of potassium or sodium hydroxide solutions, but with more 

' difficulty in ammonia solution ; it is also soluble in ammonium 
chloride and ammonium carbonate solutions, but only with difficulty 
in the latter. On shaking a solution of morphine in potassium or 
sodium hydroxide solution with petroleum spirit no morphine is 
extracted, and only a small proportion by shaking it with ether, but 
practically the whole of the alkaloid is ext-racted by shaking the 
liquid with warm amyl alcohol. 

4. Potassium carbonate and sodium carbonate produce a precipitate 
of the same composition as do potassium or sodium hydroxides or 
ammonia. It is insoluble in excess oI the precipitant. Hence, on 
adding potassium or sodium hydrogen carbonate to a solution of 
morphine in potassium or sodium hydroxide solution, or introducing 
carbon dioxide into the solution, morphine separates, especially 
after boiling the liquid, as a crystalline powder, containing water of 
crystallisation. When viewed with a lens this is seen to consist 
of small pointed crystals ; under a magnification of 100 diameters 
these appear as rhombic rods. 

5. Sodium hydrogen carbonate and potassium hydrogen car- 
bonate precipitate hydrated morphine as a crystalline powder in 
a very short time from solutions of neutral morphine salts. The 
precipitate is insoluble in excess of the precipitant. A precipitate is 
not formed in the cold in acidified solutions. , 

6. When morphine or a morphine compound in solid form o» in 
concentrated solution is brought into contact, with strong nitric acid 
a yellowish-red liquid is obtained. A violet colorktion is not formed 
on the addition of stannous chloride. (Distinction froiji brucine.) 
Dilute solutions do not change their colour on the addition of nitric 
acid in the cold, but whelS heated become yellow. • 

7. Absolutely pure concentrated sulphuric add dissolves morphine 
in the cold, forming a colo&less solution. i If a trace of potassiitm 

1 W. Gohlich (Ztitsch. anal, Chttm, 40, 749) fqphd that out of 52 samples of 
commercial [morphint hydrochlofide not a single one answered the requirement 
of remaining jinohangediby oono^^Sted sulphiuio^id. 
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wkrate is added to the freshly prepared solution, a coloration is 
produced, which is sometimes momentarily reddish, soon changing 
to brown, but is often immediately brown. If, on the other hand,^ 
a solution of morphine in . concentrated sulphuric acid is allowed to 
stand for 12 to 15 hours in the cold, or is heated for half an hour at 
100°, it undergoes a material alteration. This may be recognised 
by a pale dirty violet coloration, but especially by the fact that when 
the cold or cooled solution is now brought into contact on a porcelain 
surface with a trace of 'potassium nitrate, or with a drop of nitrio add* 
of sp. gr. 1*2, it assumes a fine coloration which is sometimes violet 
and then blood-red, but may also be blood-red immediately. It 
fades slowly to orange-yellow. In the presence of extremely minute 
traces only a pink coloration is produced (A. Husemanni). The 
reaction is very characteristic and also very sensitive ; it was found 
by Kauzmann and Dragendorff 2 to be capable of detecting as little 
as 0*01 to 0*02 mgrm. of anhydrous morphine sulphate. 

8. Sodium nitrite solution gives with traces of morphine a yellow 
coloration, which becomes orange on the addition of sodium hydroxide 

.(Wieland and Kappelmaier 3). If acidified nitrite solution is used, 
and the liquid rendered alkaline with concentrated potassium 
hydroxide solution, the colour varies according to the concentration, 
from pale pink to deep ruby-red. The colour disappears on the 
addition of acid, but returns again when alkali is added. 

9. A solution of 0*5 grm. of selenious acid (HgSeOs) in 100 grms. 
of concentrated sulphuric acid gives, on contact with morphine, a 
blue coloration which, after a short time, becomes permanently 
bluisL-green to olive-green. On heating the liquid, the colour 
becomes brown; the test is capable of detecting 0*005 mgrm. 
(Mecke ^). 

10. Of/ heating ^ solution of morphine in pure concentrated 
sulphuric acid with a small amount of sodium or potassium arsenate 
until it becomes red, };he liquid, when cautiously diluted with water, 
after cooling, becomes reddish to red, and on the further addition of 
water, grpen. On then shaking it with , chloroform or ether it 
changes to a fine bluish-violet colour, whilst the organic solvent 
becomes reddirh-violet (Tattersall,® Donald). 

1 Ann. d. Chern,, 128, 806 ; Arch. d. Pharm. [3] 6, 231. 

* Dragendorff, Beitrdge zur gerichtUchen Qhemiz einzeln&‘ organischer Oifte 

(Petrograd, 1872), p, 124. i 

' » Ann. d. Chem., 882, 306 (1911). 

- * Zeitseh. dfferUl. Chem., 6, 361 (1899). 

• Chem. News, 41, 63. ^ ' 
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11. A freshly-prepaied solution of 0*1 grm. of ftmmmiinni molyth 
date in 1 c.o. of concentrated sulphiirio acid (Frohde^s reagent, i 
modified by Buckingbam 2) gives highly characteristic colorations 
with morphine, a solid morphine salt, or a drop of a solution of a 
morphine salt, even in the presence of the most minute traces of the 
alkaloid. If a few drops of the solution are placed on a porcelain 
surface, and a spicule of morphine added and crushed with a glass 
rdd, a deep violet coloration is immediately obtained. This gradu- 
ally changes to olive green, whilst the margin of the sulphuric 
acid becomes a fine dark blue. On adding a drop of a dilute solution 
of a morphine salt to the solution a deep blue ring, which sometimes 
has a violet margin, is immediately obtained, and subsequently the 
drop in the middle, and gradually the whole liquid, changes to a fine 
blue.8 The reaction is extremely sensitive (Kauzmann and Dragen- 
dorff were able to detect as little as 0*005 mgrm. of anhydrous 
morphine sulphate by its means), but is not of itself conclusive, since 
other organic substances (phloridzine, salicine, digitaline, etc.) 
produce similar colorations. It should also be noted that the 
reaction must take place immediately, since the reagent becomes 
blue when allowed to stand for some tune exposed to the air, owing 
to the action of dust. On the addition of water the liquid, which 
has been rendered blue by morphine, becomes very pale yellow, 
almost colourless. (Distinction from salicine, which then yields 
a reddish fluid.) 

12. On bringing an intimate mixture of 1 part of morphine with 

about 6 to 8 parts of sugar into contact with a few drops of con- 
centrated sulphuric acid on a porcelain tile, a pink to purple-red 
coloration, according to the amount of morphine, is obtained. The 
coloration lasts for a considerable time, but gradually changes 
through absorption of water into bluish- violet, then into du-ty bluish- 
green, and finally into dirty brownish-yellow. • 

The reaction is obtained distinctly with C’l to 0*01 mgrm. of 
morphine. In the case of dilute solutions of morphine salts, a drop 
of the liquid should be treated with as much sugar as it will dissolve, 
a drop of concentrated sulphuric acid placed beside it. and the edges 
of the drops brought into contact by inclining the tile“(ll. Schneider^). 

^ Zeitach. anal Chem., 6, 2\4a 

» Ibid., 18, 234. 

* With reffwd to the SMotrqss^IKu phenomena of these colour leaotioiu, 

c/. Dragendorn, and. Ohm., 36, 768 (1896). 

* Zeitach. »nd. Chem., 12, 218i» » 
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The addition of^ at most, three Srops of bromine water increases the 
sensHtiveness of the reaction (Weppen i). 

13. On evaporating morphine or its sulphuric or hydrochloric acid 
salt with a few drops of formaldehyde solution^ nearly to dryness in a 
white porcelain dish, adding a drop of stannous chloride solution ^ while 

♦ the liquid still has an odour of formaldehyde, and rubbing the residue 
with a glass rod, there is at first no material alteration. On continu- 
ing the drying, however, a fine violet spot appears and gradually 
increases in intensity, until finally it shows a coloration almost 
bordering on black, even in the presence of minute traces of a mor- 
phine salt. The reaction cannot be produced with alkaline solutions 
of morphine (C. Eeichard 2). 

14. Morphine dissolves in a freshly-prepared mixture of two to 
three drops of 40 per cent, formaldehyde solution and 3 c.c. of 
concentrated sulphuric acid to form a solution which is violet at first, 
but slowly changes to bluish-violet, blue, bluish-green, and green. 
The sensitiveness of the reaction is 0*001 mgrm. (Marquis S). 

15. On treating morphine with four or five drops of a freshly- 
prepared solution of two drops of furfural and 10 c.c. of concentraled 
sulphuric acid the mixture becomes bright red, the colour changing 
to olive-green on heating (Brunner and Strzyzowski^). According 
to N. Wender,® however, a transient violet coloration is produced 
when the liquid is heated. 

16. On dissolving a small amount of morphine in about 1 to 
1*6 c.c. of concentrated hydrochloric add, adding a drop of concentrated 
sulphuric acid, and heating the liquid in an oil bath at 100°-120° C. 
(or on the water bath) until all hydrochloric acid has volatilised, a 
purple-red residue is obtained. On again treating this with a small 

^ quantity of hydrochloric acid, then adding a cold saturated solution 
of sodium^hydrogen carbonate until the liquid has a neutral or only 
sli^tly acid reaction, and lastly introducing a drop of an alcoholic 
solution of iodine, the* liquid assumes an emerald-green coloration. 
On now shaking the* liquid with ether the substance causing the 
green coloration (apomorphine) is dissolved by the ether, and a fine 
violet-red ethereal layer is obtained (Pella^ ®). Codeine gives the 
same reaction.^ 

^ Zeitach. anal Chem,, 18, 466. With regard to the speotroacopio behaviour, 

Ibid,, 85, 768 (1890). 



8B0. 213 


MORPHINE 




17-r On treating a solution of a morphine salt with a lapge excess 
of alkali hydroidde, and adding iodine-potassium iodide 5 oi«fion,«the 
first addition produces only a yellow coloration (so long as the iodine 
is still in combination with the alkali). On the further addition of 
iodine solution, as gradually as possible, the liquid assumes a grass- 
green coloration, which is particularly distinct on dilution with 
water. Not until a large quantity of iodine has been added does an 
insoluble compound separate. If, however, the morphine solution 
was neutral or slightly acid, the dark brown compound of periodide 
and hydriodic acid is immediately precipitated (C. Kippenberger ^). 
According to DragendorfE this precipitate is formed even in a liquid 
diluted to 1 : 5000. 

18. When iodic acid or sodium iodatei and sulphuric acid is 

brought into contact with a solution of morphine or of a morphine 
salt, iodine is precipitated. If the solution was aqueous and con- 
centrated, a brown precipitate is produced, but if alkaline or dilute, 
the liquid becomes brown or yellowish-brown. If starch paste is 
added to the liquid before, or immediately after, the addition of the 
iodic acid, the sensitiveness of the reaction is considerably increased, 
since the blue coloration of the resulting starch is visible in far 
greater dilution than the brown colour of the iodine. The reaction 
is most sensitive when the iodic acid solution is treated with a little 
starch paste, and the morphine salt introduced in the solid condition. 
It need hardly be mentioned that the sensitiveness of the reaction 
may be intensified by extracting the liberated iodine from the 
aqueous solution by means of carbon bisulphide. 

Inasmuch as other nitrogenous compounds (albumin, casein, 
fibrin, etc.) also reduce iodic acid, the mere separation of iodine has 
only a relative value. If, however, ammonia is added after the 
addition of the iodic acid, the liquid will remj^ colourless when the 
precipitation of iodine was due to other substances, whilst in the ease 
of morphine a much more intense coloration produced (Lefort 2). 

19. Neutral ferric chloride gives a fine dark blue coloration with 
concentrated neutral solutions of morphine salts. Free ^icids cause 
the coloration to disappear ; excess of ferric chloride has Also an 
influence on its sensitiveifess. The addition of 0*2 doi of a 5 per cent, 
solution of ferric chloride is sufficient for the precipitation of 0*01 

^ Zeitsch. anal. Chem., 86, 4»16 (1896). 

• Ibid.f 1, 134. The reactions with nlver nitrate (Horsley, J6td, 7, 4^) 
and copper oxide ammonia solutioih (Nadler, /5id.rl8, 235), which are applioafilli 
to the detection of*tnorphine, also, depend upon the reducing power of the 
alkaloid. 
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gnn. of morphine hydrochlo^id€^ dissolved in 1<X) to 200 o.c. of water. 
Using these proportions Dragendorff obtained the reaction with 
aolutiohs containing as little as 1 part of morphine salt in 1000 to 1600 
parts of water. If animal or vegetable extractive substances or 
acetates are present, the coloration becomes impure and less distinct. 
The sensitiveness, of the reaction is increased by adding a little 
potassium ferricyanide, because this compound is reduced to potas- 
sium ferrocyanide, and causes the formation of Prussian blue, while 
the morphine is oxidised to oxydimorphine (Kiefer, 0. Hesse). It 
is obvious that the reaction thus modified is only distinctive of mor- 
phine in the absence of other substances with a reducing action. 

20. Of the general precipitation reagents^ gold chloride, potassium 
bismuth iodide, and phosphomolybdic acid give a turbidity or pre- 
cipitate with morphine sulphate, even in a dilution of 1 : 5000. The 
phosphomolybdic precipitate becomes dark blue with concentrated 
sulphuric acid, and, on heating, turns dark brown and reduces iodic 
acid (cf. 18). Potassium mercuric iodide, and potassium cadmium 
iodide produce precipitates in solutions of 1 : 1000. Tannic acid 
gives only a slight turbidity at this concentration, but at a higher 
concentration produces a white precipitate soluble in acids. In a 
dilution of 1 : 100 picric acid produces a copious yellow precipitate, 
which dissolves on the addition of water. Mercuric chloride gives a 
crystalline precipitate, and platinum chloride a slight precipitate in 
solutions diluted to the same extent. 


Sec. 214. 

2 » Co€&iii6, C17H21NO4. 

.OlCO.CeHs) 

Methf\ ester ofhenzoylecQoniney C 7 HioN(CH 5 )<^ 

" ^COOCHs 

1. Cocaine occurs in association with several other allied alkaloids 
in the leaves of the .South American tree Erythroxylon coca. It 
crystallises from an alcoholic solution treated ^ith water in colourless 
hransparent^rods, melts at 98°, and solidifies, on cooling, to a trans- 
parent, amorphouT mass, which, after some time, becomes white and 
jtystalline. Its taste is bitter, followed by a sensation of cold ; it 
produces local anaesthesia, k stupefying, and enlarges the pupil of the 
iye. According to W. Muller , 1 it, dissolves in 563 parts of water at 
liA>ut 20°, is readily soluble in alcohol*, m 42 '2 p^rts of petroleum 

1 Apotheherztg., 18 , 208 ( 1903 ). 

‘ , I 
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spirit, in 2*9 parts of ether satural^ with water, in 1*7 parts of 
ethyl acetate, and (according to J. Schindelmeiser i) in 5*4 par^s of 
carbon tetrachloride. It rotates a beam of polarised light to the left : 
[a]D=— 16-4 (in a 10 to 20 per cent, solution in chloroform). The 
solutions have an acid reaction. 

2. Cocaine dissolves readily in dilute acids, while it combines 
with them to form salts. Cocaine hydrochloride is easily obtained in 
the form of crystals, which are stable in the air, have a very bitter 
taste, and a neutral reaction, and are soluble in water, alcohol, and 
chloroform, but insoluble in ether. On shaking a solution of cocaine 
in excess of dilute hydrochloric acid with ether, chloroform, petroleum 
spirit, or benzene, the cocaine is not dissolved by these solvents, but 
can be extracted by amyl- alcohol. 

3. Potassium or sodium hydroxide produces in solutions of cocaine 
salts a white precipitate which gradually dissolves in excess of the 
precipitant. In like manner, ammonia produces a precipitate, 
which, however, is more soluble in excess of the reagent. Ether 
extracts the cocaine from the ammoniacal solution on shaking, and 
petroleum spirit also extracts it readily. When the petroleum spirit 
extract is allowed to evaporate spontaneously the cocaine is left in 
the form of fine needles. 

4. Potassium or sodium carbonate, added to solutions of cocaine 
salts, produces amorphous white precipitates, which are insoluble in 
excess of the precipitant ; they become crystalline on standing for 
some time. On shaking the liquid containing the precipitate with 
ether, the cocaine is extracted. 

5. Potassium or sodium hydrogen carbonate produces no pre- 

cipitate in solutions of cocaine salts in the cold. When the liquid 
is heated to boiling point a precipitate is formed, but re-dissolves^ 
on cooling. • 

6. If cocaine is heated with concentrated hydrochloric add, ill a 
glass tube closed by fusion, for 2 to 3 hours,, in a wat^r bath it is 
decomposed into benzoic acid, ecgonine hydrocliloride, and methyl 
alcohol (Losson 2). The^benzoic acid separates, on cooling,^ crystals, 
if its amount is not too small. 

7. When cocaine is fieated in a test-tube willf concentrated 
snlphoric acid the same decomposition is effected. After cooling, 
needles of sublimed benzoiq^acid will be found in the upper part of 
the^ test-tube, unless too small a qa‘4ntity was used. If alcohol w^e 

1 Ohtm. Zeit, 25 , 129 ( 1901 ) ; Zeitsch. anal. Chem., 41 , 632 . 

> Ann. d. Chen*., 188 , Mh ^ 
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added prior to the heating, tlb characteristic odour of the ethyl 
estef of benzoic acid will be observed. This odour is also produced 
when cocaine is heated with alcoholic potassium hydroxide solution. 

8. Cocaine dissolves in concentrated sulphuric acid to form a 
colourless liquid, in which no coloration is produced on the addition 
of a small amount of nitric acid, even after heating the sulphuric 
acid solution to about 150°. Nor does sulphuric acid containing 
molybdic acid or sugar produce liquids with characteristic colora- 
tions. (Distinction from morphine.) 

9. Cocaine does not precipitate iodine from a dilute solution of 
iodic acid, (Distinction from morphine.) 

10. When cocaine is dissolved in 0 5 to 1 c.c. of concentrated 
sulphuric acid, a quantity oi potassium or sodium Mate equal to about 
three times that of the cocaine added, and the mixture gently heated 
on the water bath, the liquid first becomes yellow, and then shows 
pale green streaks. On continuing the heating the whole liquid 
becomes grass-green, then brown, and finally iodine vapour escapes. 
Vitali 1 also observed blue and violet colorations ; the same result 
was also obtained by Dragendorff and Gadamer, who used somewhat 
more iodate (a small granule with a trace of cocaine). 

11. On treating a solution of 0*05 grm. of cocaine hydrochloride 
in 5 c.c. of water, drop by drop, with 5 per cent, chromic acid solution, 
or 10 per cent, potassium chromate solution, or 7*5 per cent, potas- 
sium dichromate solution, an orange-coloured precipitate of cocaine 
chromate is obtained ; this re-dissolves immediately, but is re- 
precipitated on the addition of 1 c.c. of concentrated hydrochloric 
acid. 

12. When a few drops of a cocaine solution are mixed with 2 to 
, 3 0 . 0 , of chlorine water, and a few drops of a 5 per cent, solution of 

palladous chloride are added, a fine red precipitate is produced 
(Qrbitherr). 

13. Stannous chloride produces a compact white caseous pre- 

cipitate, soluble in nitric acid, in concentrated solutions of cocaine 
salts (Noenann). •’ 

14. When approximately equal parts of cocaine and mercurous 

chloride are grbund up together, and the mixture moistened by 
breathing upon it, it turns black, owing to the separation of metallic 
mercury (Schell,^ Schneider 8). , 

A 

1 ZeiUeh. unat. Ohem., 80,' (1801). , 

» Ibid,, 80, 264 (1891). c 
« Ibid., 2(H) (1903).^ < 
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15. On treating a solution of a cotaine salt with nmcuric chloride 
there is produced a white precipitate, which is soluble in hydrochloric 
acid, ammonium chloride solution, and alcohol (Niemann). 

16. Tannic acid produces a precipitate in solutions of cocaine 
which have been treated with^ hydrochloric acid. The yellowish 
precipitate which first separates becomes agglomerated into a resin- 
like mass on standing for some time, and immediately when shaken 
(Niemann). 

17. The general precipitation reagents will detect the following 
amounts of cocaine hydrochloride in aqueous solution : Potassium 
mercuric iodide, 1 : 160,000 ; iodine in potassium iodide solution, 

1 : 100,000 ; phosphomolybdic acid, 1 : 50,000 ; and picric acid, 

1 : 1400 to 1500.1 

18. Nearly all the above-mentioned reactions are not very 
characteristic. Hence, as a rule, a physiological test must also be 
used for the detection of cocaine. The microchemical reactions will 
also be found of value. Of these mention may be made of the 
following : Auric chloride produces forked and crossed needles in 
dilute solutions (1 : 1000), and yellow extended dendritic and H- 
shaped crystals in concentrated solutions. The limit of sensitiveness 
is 0*00008 mgrm. (Behrens). With ^-naphthalene sulphonic acid 
colourless thin prisms, usually extended hexagons, are obtained in a 
few minutes. This is less sensitive (A. Grutterink 2). On introducing 
a drop of a 1 per cent, potassium permanganate solution into the 
middle of a drop of a cocaine solution, and observing it without a 
cover-glass under a low magnification, there will be seen after five 
minutes at the margin of the liquid small finger-shaped or hand- 
shaped formations, together with numerous globules, which fre- 
quently unite with several others. The limit of sensitiveness is ^ 
O’l mgrm. (Giesel,8 E. Senft*). 

Seo. 215. 

Summary and Remarks on Non-Volatile Alkaloids [Orq^jp /.). 

Morphine and cocaine^ may be distinguished by*niauy reactions* 
of which those given in Sec. 213, 7, 9, 10, 11, 12, 16^18, and 19 are 
particularly important for morphine, and those in Sec. 214, 6, 7, 10, 

^ Oolooi reactions for oocaSke hat% also been described by C. Eeiohard 
{Chmikerxtg., 28, 299 (1904) ; Phorm, Zfg., 51, 168, 691 (1906). 

• Zeitseh. anaL Ckm,, 51, 208 (1912). * 

» Ibid., 4^ 447 (1908). . ‘ 

Zeit^.vnters. Nahr, (^nusa.'i 7* 346 (19C4) • 
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and 14 for cocaine. Both alk^oids may be 'separated by rendering 
the^solution of their salts just alkaline with ammonia, and shaking 
it with petroleum spirit, which will extract the cocaine and leave 
the morphine. On evaporating the petroleum spirit,, a residue of 
morphine is left. 

Second Group. 

Non-volatile alkaloids which are precipitated by potassium hy- 
droxide from solutions of their salts, and are not re-dissolved 
on the addition of a considerable excess of the precipitant, 
and which are precipitated by sodium hydrogen carbonkte 
from acid solutions, if these are not more dilute than 1 : 100. 

Narcotine, Quinine, Cinchonine. 

Sec. 216. 

1. Narcotme, C 22 H 2 s^^ 7 * 

C9H6(0CH8)N.CH3 

CeH2(OCH3)2'^ I o/\o 
\coo 

CHg 

1. Narcotine occurs, together with morphine, etc. {df. Sec. 213, 1), 

in opium. Crystallised narcotine is usually in the form of colourless, 
lustrous, straight, rhombic rods, or (when precipitated by alkalis) a 
loose white crystalline powder. It melts at 176®. The solid alkaloid 
is tasteless, and is much less poisonous than morphine. It is soluble 
in 10,000 parts of water at 15®, in 5000 parts of petroleum s,pirit, in , 
415 parts of amyl alcohol, in 190 parts of alcohol, in 170 parts of 
ether, in 31 parts of ethyl acetate, in 22 parts of benzene, and in 
4 parts of ‘^bhlorofomv (M. Scholt'z,i Dieterich2). Litmus and other 
ve^table colouring matters are not changed by solutions of narcotme. 
The free alkaloid rotates a beam of polarised light to the left : 
[a]i,= — 207'4® (in chloroform solution). The solutions of the salts 
have a dextro-rotation. ‘ 

2. Narcotine is a weak base. It dissolves readily in acids, and 
combines withHhem to form salts. These always show an acid 
reaction. The salts containing weak acids are decomposed on treat- 
ment with much water, and also on evftporating their Solutions, if 

the acids are volatile. MoSt of ’them are uncrystallisable and are 

*■ ‘ 

1 Arch. d. Pharm., 260, .418 (1912). 

» PharmAdienfralh., 28i, 4GI (1^87). ' 
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soluble in water, alcohol, and ether ; ^hey have a bitter taste. Nar^ 
cotine is insoluble in water slightly acidified with acetic acid,^ i,e, 
containing not more than 3 or 4 drops of the acid in 2 c.c. On 
shaking solutions of narcotine salts with chloroform the narcotine 
is extracted by the latter, even when the solutions contain free acid 
(Dragendorff). Ether has an analogous although weaker action 
(R. Otto 1). Benzene, amyl alcohol, and petroleum spirit do not 
extract narcotine from acid solutions. 

3. Alkali hydroxides^ carhonales, and hydrogen carbonates pre- 
cipitate narcotine immediately from solutions of narcotine salts as a 
white powder, which may be seen, under a magnification of 100 
diameters, to consist of an aggregate of small needle-shaped crystals. 
The precipitate is insoluble in excess of the precipitant. On treat- 
ing a solution of a narcotine salt with ammonia, and then shaking it 
with not too small a quantity of ether, two clear layers are obtained, 
the separated alkaloid having been dissolved by the ether. When a 
drop of the ethereal solution is allowed to evaporate on a glass slide, 
and the residue examined under a magnification of 100 diameters, it 
will be seen to consist of well-defined long crystals, some of which 
are pointed. 

4. Hot nitric add of sp. gr. 1*4 dissolves narcotine to form a 
reddish-yellow solution, while nitrous acid fumes are evolved. When 
the solution is heated there is a further evolution of nitrous acid 
fumes, and the liquid becomes yellow. 

5. Concentrated sulphuric acid dissolves narcotine to form a 
solution, the colour of which is greenish-yellow, but soon becomes 
pure yellow ; after some days the liquid assumes a raspberry-red 
coloration (Dragendorff). Wo-en carefully heated in a porcelain 
basin the solution becomes first orange-yellow, then shows bluish- 
violet or sometimes purple-blue streaks extending from t}\e margins, « 
and finally an impure reddish- violet coloratio^ is produced at |he 
temperature at which the sulphuric acid begins to escj^pe. If the 
heating was stopped prior to this point, th^^ sa- ution, on cooling, 
slowly assumes a delicate cherry-red coloration. The blue colora- 
tion is still very distinct when the sulphuric acid contaiift 1 jpart in 
2000 of the alkaloid ; in the presence of a smaller proportion a soft 
crimson coloration is obtained instead of the blue coloration (A* 
Husemann). The red and subsequent violet colour of the sulphuric 
acid solution is also produced w^en the narcotine is dissolved 
dilute (1 : 6) sulphuric acid, colourless^solution evaperatClTW^Jf^ 

I ArcK d,^harm., 284, 817. 
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graditaUy over a small flame, ai^d the heating^of the residue continued 
veigr cautiously. This is a particularly sensitive method of applying 
the test (Dragendorff). On treating the liquid which has become 
violet with a sufficient quantity of alcoholic potassium hydroxide 
solution there is obtained an orange-red coloration, which becomes 
yellow on the addition of water (Arnold i). 

6. On adding a very small quantity (a trace to a drop) of dilute 
nitric add to a solution of narcotine in concentrated sulphuric acid 
prepared in the cold, the liquid becomes at first almost brown, but 
soon Changes to red, which becomes increasingly intense (Couerbe). 
According to Dragendorff the sensitiveness of the reaction increases 
when the solution of narcotine in sulphuric acid is allowed to stand 
for one or two hours prior to the addition of the nitric acid. This 
reaction is produced when narcotine, is dissolved in Erdmann’s 
reagent. The latter is prepared by mixing 6 drops of nitric acid of 
sp. gr. 1*25 with 100 c.c. of water, and causing 10 drops of this solu- 
tion to fall on to 20 grms. of pure concentrated sulphuric acid. 

7. The addition of sodium hypochlorite to a solution of narcotine 
in concentrated sulphuric acid, which has been heated to 150°, causes 
a crimson coloration to appear (A. Husemann). 

8. If a solution of narcotine in concentrated sulphuric acid is 
heated until a red coloration appears (to about 150°), and then 
cooled and treated with ferric chloride, the portions of the liquid 
which are in immediate contact with the added drops of ferric 
chloride solution soon appear red, with more or less pronounced pale 
violet edges ; after 10 to 15 minutes a fairly stable cherry-red 
coloration is produced (A. Husemann). 2 

9. On treating a solution of a narcotine salt with chlorine water 
it becomes yellow with a greenish tint, and on then adding ammonia 

' an intens«Jy coloured yellowish-red liquid is obtained. 

1 10. When narcotine or one of its compounds is dissolved in excess 
of dilute srilphuric acid, and the solution treated with a little 
powdered manganese ftioxide, boiled for a few minutes, and filtered, 
a filtrate is obtained from which narcotinp is not precipitated by 
ammoi^a. The alkaloid has been converted through the absorption 
of oxygen into^ppianio acid and cotarnine (Wohler »). 

11. Meche^s reagent (Sec. 213, 9) gives a greenish-blue, and subse- 
quently a cherry-red, coloration with narcotine in the cold. 

1 Arch, d, Pharni., ?20, 663 (1882). 

* Zeithih. anal. Ch&n., 8, 162. r 

* Ann. d. Chem., 60r 1... 
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12. Frdhde^s reageht (containing Q‘005 grm. of sodium molybdate 
in 1 0.0, of Bulpburio acid) dissolves narcotine to form a green elu- 
tion. If the solution contains 0*1 grm. of sodium molybdate in 
1 c.o. of sulphuric acid, the green colour soon changes into a fine 
cherry-red coloration (Dragendorff). 

13. A solution of ammonium vanadate in concentrated sul- 
phuric acid (1 : 100 to 200) dissolves narcotine to form a solution 
which is first vermilion red, then reddish-brown, and finally a gradu- 
ally intensifying carmine-red (Mandelin). 

14. On heating 2 to 10 mgrms. of narcotine with 20 drops of pure 
concentrated sulphuric acid and one or two drops of a 1 per cent, 
solution of canc sugar for a minute on the boiling water bath, with 
continual stirring, the greenish-yellow solution first formed changes 
first to yellow, then to brown, and finally to deep bluish-violet. 
The colour gradually intensifies on standing, and remains unchanged 
for several hours. If an aqueous solution of furfural is used, instead 
of the cane sugar solution, an intense deep blue coloration is pro- 
duced on heating, and this gradually changes to green when the 
liquid is allowed to stand (A. Wangerm ^). 

15. Tannic acid does not produce a precipitate, or at most only a 
turbidity, in solutions of narcotine salts. On adding a drop of 
hydrochloric acid to the solution a precipitate is formed. This 
dissolves when the liquid is heated, but reappears when it cools. 
The precipitate is only slightly soluble in hydrochloric acid. 

16. Of the general precipitation reagents the most sensitive for 
narcotine are iodine in potassium iodide solution (1 : 50,000), potas- 
sium mercuric iodide .(1 : 50,000), potassium bismuth iodide, and 
phosphomolybdic acid (Dragendorff 2). 

Sec. 217. i 
2. Quinine, C20H24N2O2. 

Methoxydnchonine, C0H5(OCH3)N— CH(OH)Vc^Hn(CH : CH2)N. 

1. Quinine occurs in association with cinchonine and about 20 
other^bases in genuine cinchona bark derived from various sj^cies of 
the family cinchona. Crystallised quinine, C2orf2f^2^2-3H20, is 
known either in the form of finqjpstrous silken needles, often united 
into bunches, a-id readily di^tegrating on exposure to the air, or as a 

^ ZeiUch. aiwi. Chem., 46, 267 

» Colour reactions for narooline have also be^n described b^ 0. Beiohard 
{Pharm: Ztnbjfplh., 48, 4^ (107) ; ^eifnch. anal. Chem., 49, 780). 
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white powder. Quinine |ree from water of crystallisation can 
also^ be obtained in lustrous silken acioular crystals. Quinine, con- 
^ining water of crystallisation, is soluble in 1650 parts of water, and 
the anhydrous alkaloid in 1960 parts at 15°, and more readily in ^lot 
water (Hesse). It dissolves in 22*6 parts of ether, in 1*9 parts of 
chloroform, and in 11 parts of alcohol (Regnauld) ; it dissolves with 
difficulty in benzene, and with very great difficulty in petroleum 
spirit. It is Isevo-rotatory ; [a]i>= —158*2° (for the anhydrous base 
dissolved in absolute alcohol). It is only slightly poisonous, and has 
a bitter taste; its solutions show an alkaline reaction. i Cry- 
stallised quinine loses its water at 100° ; it melts at 57°, and re^ 
solidifies after it has parted with its water. 

2. Acids neutralise quinine completely. Two series of salts are 
formed, containing respectively 1 and 2 molecules of water to 1 
molecule of quinine (formerly termed neutral and acid salts). Most 
of the mono-acid salts are crystallisable, dissolve with difficulty in 
cold, but more readily in hot, water, and also in alcohol, and have a 
very bitter taste. 

The di-acid salts dissolve very readily in water. The solutions 
which contain oxygenated acids, and especially those in which 
sulphuric acid predominates, show a bluish fluorescence. If a cone 
of light is introduced into them by means of a lens from the side or 
from above it appears blue, even in the case of very dilute solutions 
(A. Fluckiger). 

3. Potassium and sodium hydroxide^ ammonia^ and the alkali 
carbonates precipitate from solutions of quinine salts which are not 
too dilute, quinine containing water of crystallisation as a bulky 
white powder, which, when examined under the microscope im- 
mediately after the precipitation, appears amorphous and opaque, 

• but after fpme time forms an aggregate of needle-shaped crystals. 
Tlv? precipitate is only slightly soluble in excess of potassium or 
sodium hydroxide solution (less readily than in water), and is less 
soluble in potassiiwn hydroxide than in sodium hydroxide solution 
F. Sestini), but more soluble in ammonia solution. According to 
W. Duncan, 2 however, the solubility of quinine in ammonia solution 
is only apparentp and it soon separates aga,i;n in crystals on standing. 
It is also only soluble to a slight extent in potassium or sodium 
carbonate solutions. Ammonium chloride increases the solubility 

towards different indicators, cf. A. H. Allen, Analysif 21 
85, and J. Larrouturron, ZeitSch. anal. Chem,, f 9, 132. « 

* ZeiUch. anal. Chem., 49, 391 (1009). . 
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in water. If a solution of a quinine salt is treated with ammonia 
and shaken with ether (containing about 2 per cent, of alcohol/ the 
precipitate disappears, and two clear layers of liquid are formed. 
(Essential distinction from cinchonine, which in this way may be 
readily detected in the presence of quinine, and separated therefrom.) 

4. If potassium hydroxide is fused after the addition of a drop 
of water, an alcoholic solution of quinine added to the still warm 
mass, and the mixture carefully heated to evaporate the alcohol, 
the mass assumes a fine green coloration. (Essential distinction from 
nearly all other alkaloids, but not from quinidine.) Cinchonine, 
cinchonidine, and cocaine show a similar but not the same coloration 
(W. Lenz). 

5. Sodium hydrogen c<^rhonate produces a white precipitate both 
in neutral and in acid solutions. If acid solutions are diluted to 
such an extent that they contain I part of quinine to 100 parts of 
liquid, the precipitate is formed immediately ; in the proportion of 
1 : 150 it separates after 1 to 2 hours in the form of distinct needles 
united in groups. The precipitate is not completely insoluble in 
the precipitant, and hence the less the excess of the latter the more 
complete is the separation ; the precipitate contains carbonic acid. 

6. Quinine is dissolved by concentrated nitric acid to form a 
colourless solution, which has a bluish fluorescence, and, when 
heated, becomes yellow. 

7. Concentrated sulphuric acid dissolves pure quinine or pure 
quinine compounds, forming a colourless or slightly yellow solution ; 
on warming the liquid the yellow coloration increases in intensity, 
and on continuing the heating the solution becomes brown. Sul- 
phuric acid containing nitric acid (Erdmann’s reagent, cf Sec. 216, 
6) dissolves quinine to form a colourless or faint yellow solution. 

8. A solution of ammonium vanadate in con^ntrated sulphuric acid^' 

(1 : 100) when treated with quinine soon becomes brownish-grten, 
but after about 5 minutes the colour changes to a permanent pure 
green. ^ 

9. When a solutioii of a quinine salt is treated ^ith strong 
chlorine water (about | volume) little if any coloration is pi^duced, 
but on then adding excess of ammonia solution an^ijitense emerald- 
green solution is obtained. This characteristic reaction (thdleio^ 
quin reaction) is obtained in a dilution of 1 : 2500, or, accoijding to 
Fliickiger,! even in a dilufion of* 1 : 4000 to 1 : 5000, if rj^ijtenth 
volume of chloring water is^ddea to the eR;lution, witkdut shaking, 

A ZeiUckii^kil, Ch&n.t 11 ,^ 18 . 
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and then a few drops of ammosia solution, a^d the test-tube gently 
shaken. 

If bromine water is used instead of chlorine water, the sensitiveness 
of the reaction is still greater, but an excess or deficiency of bromine 
interferes with the result to a greater extent than in the case of 
chlorine. L6ger i recommends the addition of 1 c.c. of about 0‘05 
per cent, bromine water to 10 c.c. of a quinine solution, the reagent 
being prepared by mixing equal parts of a saturated aqueous solution 
of bromine and of water. If a layer of ammonia solution is poured 
on to the mixture containing the quinine there is immediately 
produced at the zone of contact a green ring, and below it a red ring, 
while the liquid beneath remains yellow. The sensitiveness of this 
reaction can be increased to 1 : 50,000 by qiixing 10 c.c. of a solution 
of quinine with a drop of saturated bromine water, and carefully 
allowing a drop of ammonia solution to fall on to the surface ; this 
causes a green ring about 1 cm. in depth to be formed over the 
colourless liquid.^ 

Morphine inhibits the thalleioquin reaction (Stuart ^), as do also 
caSeine and antipyrine, the former when present in the proportion 
of rs parts and the latter of 3 parts to 1 part of quinine.'^ If pyra- 
midone is present, even in small amount, with the quinine the thalleio- 
quin reaction is red instead of green.® 

10. If in the thalleioquin reaction a little potassium ferro- 
cyanide solution is added after the chlorine water, and then a few 
drops of ammonia solution (or another alkali), the liquid becomes a 
fine deep red (erythroquin reaction). The colour soon changes to 
dirty brown. On adding an acid, preferably acetic acid, to the red 
liquid, the colour disappears, but is reproduced on the cautious 
addition of ammonia solution (0. Livonius, A. Vogel ®). J. Aben- 
" sour ’ tretfJs 10 c.c. ^of the slightly acidified aqueous solution of 
quiiine with one drop each of semi-saturated bromine water, 10 per 
cent, potasdhim ferrocyanide solution, and 10 per cent, ammonia 
solution. On shaking this mixture with chloroform a pink to red 
coloration ^ obtained, according to the quantity of quinine. 

1 Zdich. anal, 44, 678 (1906). 

* Folaoci {ZeiLch, anal. Chem.t 40, 60 (1901)) (lescribes a modifioation of the 
thalleioquin reaction, in which lead peroxide is used instead of chlorine or 
bromine water. 

» Phmm. ZeniralK 28, 312 (1882). 

* A . Belohoubek and Sedleoky, ZeiCsch. anal. Chem., 86, 236 (1896). 

and L. Schwedes, Ibid., f2,.64 (1913). 

* Ibid., 28,^8 (1884). 

’ Ibid., 49, 133 (1910). 
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11. On dissolving quinine in a Jittle acetic acid, and adding 
alcohol and then alcoholic iodine solution (prepared by dl^lTung 
1 part of iodine in 1 part of 50 per cent, hydriodic acid, 50 parts of 
70 per cent, alcohol, and 0*8 part of sulphuric acid), in sufficient 
quantity to render the liquid brownish-yellow, there separates, after 
a short time, an acid periodide-quinine iodide sulphate {herapathite)^ 
4 C 20 H 24 N 2 O 2 . 3 H 2 SO 4 . 2 HLI 4 . According to the conditions this 
appears in the liquid as a crystalline blackish powder, or as large 
hexagonal or octagonal crystalline flakes, which by transmitted 
light appear only pale olive-green, but by reflected light are bright 
green with a metallic lustre. In polarised light they appear green 
or red, according to the position of the axis (Herapath i). This is a 
very characteristic reaction^ whichy when observed with the polarisation 
microscopey is also very sensitive. 

12 . Tannic acid produces a white precipitate in aqueous solu- 
tions of quinine salts, even when very dilute. The precipitate is 
caseous and agglomerates when heated. It is soluble in acetic acid 
and in a small quantity of hydrochloric acid, but is precipitated on 
the addition of a further quantity of that acid. 

13. The general precipitation reagents behave as follows : * Iodine 
in potassium iodide solution gives a reaction with solutions con- 
taining 1 : 200,000 ; potassium bismuth iodide with one containing 
1 : 150,000 ; and potassium mercuric iodide with one of 1 : 100,000. 
Phosphomolybdic acid, phosphotungstic acid, and picric acid are also 
sensitive reagents. 

14. With regard to the microchemical reactions of quinine, see the 
communications of A. Grutterink .2 


Sec. 218. 

3. Cinchonine, Ci9H22N25. 

C9HflN-CJI(OH)-€7Hn(CH:dOH>)N. ^ 

1. Cinchonine y which occurs with quinine and other bases in 
true cinchona bark, is Enown either at colourless lustroils rhombic 
cry^s, or fine white nqedles, or (when obtained precipitation 
from concentrated solutions) as a bulky powder. It is tasteless at 
fiist, but subsequently develops a bitter favour. One part of 
cinchonine dissolves in 3670»part« of water at 20 ®, and more readily 

1 Phil. Mag.yii) 8, 161 ; 4, 186 ; J. praktdhcnM, 87 ( 1864 ). 

* Zei^ch. and. Ohem., 51 ^ ( 1 ^ 12 ). 
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in boiling water, in 371 parts •£ ether at 2Q° (according to other 
authorities a larger quantity is required), and in 126 parts of alcohol 
(78 per cent, by weight) at 20° (Hesse i). In the case of chloroform 
absolutely free from alcohol 356 parts are required for the solution at 
17°, whilst mixtures of chloroform and alcohol dissolve cinchonine 
much more readily than chloroform, and, under some conditions, 
than pure alcohol (Oudemans^). Benzene dissolves amorphous 
cinchonine readily in the cold, but the crystalline alkaloid with more 
difficulty. On heating the liquid, the crystalline cinchonine is also 
dissolved, but separates again almost completely when the solution 
cools. Petroleum spirit dissolves only slight traces of freshly pre- 
cipitated amorphous cinchonine (Dragendorff). The solutions have 
a bitter taste and an alkaline reaction. Qinchonine is dextro-rota- 
tory ; in alcoholic solution it has [aji)=-f223° and in chloroform 
solution 4-213° (Oudemans^). 

2. On heating cinchonine carefully it begins to sublime below its 
melting point at about 200°, emitting a characteristic odour, and 
producing white fumes. When heated in a current of hydrogen it 
forms long lustrous prisms (Hlasiwetz). When rapidly heated it 
melts at 268‘8°, and at a considerably lower temperature when slowly 
heated (owing to incipient decomposition). 

3. Cinchonine is a strong base ; it liberates ammonia from boiling 
solutions of ammonium salts (Hesse 4). Like quinine, it combines 
with acids to form two series of salts. I'he salts have a bitter taste ; 
most of them arc crystallisable ; as a rule they are more soluble 
than the corresponding quinine salts. They are insoluble, or nearly 
so, in ether and chloroform. The solutions of the salts do not show 
fluorescence. (Essential distinction from quinine salts.) 

4. Potassium and sodium hydroxide.^, armnonia and alkali car- 

bonates pre^pitate cinphonine as a bulky white powder from solutions 
of its salts. The precipitate is insoluble in excess of the precipitant. 
If the soluteon was (^^ncentrated the precipitate appears only in- 
distinctly crystalline, *3ven under a magnification of 200 diameters, 
but if it was so dilute that the precipitate only formed after standing 
for some hours, it is seen under the microscope to consist of needles 
united into stairlormed bunches. * 

5. When cinchonine is fused with potassium hydroxide, as was 
described in the case of quinine (Sec. 217, 4), the projecting points 

^ Ann. d, Cflem., 122, 220. 
a Bid., 166, 76.* - 
3 Hid., 182, 44. „ " 

* Jbid., 166, 257. c t 
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of the solidified fused mass becomt first reddish-brown to violet- 
blue, and the margins grey, whilst subsequently the mass becomes 
bluish-green and develops a somewhat penetrating odour (W. Lenz). 

6. Sodium or 'potassium hydroxide, added to neutral or acidified 
solutions of cinchinine salts, precipitates cinchonine in the form de- 
scribed in 4, but not so completely as do the corresponding carbonates. 
Even in the case of solutions which contain 1 part of cinchonine to 
201 parts of water 4-acid, the precipitate is formed immediately ; 
its amount increases on standing. 

7. Cinchonine is dissolved by concentrated sulphuric acid to form 
a colourless solution, which becomes brown and finally black when 
heated. After the addition of a little nitric amd the solution still 
remains colourless, but, sn heating, becomes successively yellowish- 
brown, brown, and black. 

8. A solution of ammonium vanadate in concentrated sulphuric acid 
(1 : 100) at first shows no change on the addition of cinchonine, but 
very gradually assumes a permanent bluisli-green coloration. 

9. On treating a solution of a cinchonine salt with chlorine water 
no coloration is produced, but on adding ammonia a yellowish-white 
precipitate is formed. Hence cinchonine does not give a thalleio- 
quin reaction ; nor does it give an erythroquin reaction (Sec. 223, 10). 
On the other hand, it yields a cinchonine hsrapathite, analogous to 
the compound formed by quinine (Sec. 217, 11). 

10. On treating a solution of a cinchonine salt, containing at most 

only a slight trace of free acid, with potassium ferrocyanide, a floccu- 
lent precipitate of cinchonine hydroferrocyanide, Ci 9 H 22 N 20 .H 4 Fe°- 
(CN)0.2H2O, is produced. On adding an excess of the precipitant, 
and heating the liquid very gradually, the precipitate dissolves, 
but separates again, on cooling, in lustrous golden-yellow flakes or . 
long needles, which are frequently united in tlfe shape of a fan. On 
treating a solution of cinchonine hydrochloride with pota^mum ferrir 
cyanide, pointed lemon-yellow crystals of yjincJ[ionine hydroferri- 
cyanide, Ci9H22N20.H3Fe'"(CN)a.2H20, are Wed (Ch. Dollfus,i 
Bill,2 Seligsohn^). Bdth reactions may be used for ‘the micro- 
cheawal detection of the alkaloid (A. Grutterink^). • 

11. Tannic add gives a white flocculent precipitate with aqueous 
solutions of cinchonine. The precipitate is soluble in acetic acid and 

<»> 

* Ann. d. Ghem., 

» J. Prakt. ChemF, 76 , 484 ( 18 »). 

« Zenfr., 1861 , 231 . 

* Zt:tsch. an^,^Shem„ 61, 222 ^^ 912 ). 
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also in a little hydrochloric acid,%ut is re-preclpitated on the addition 
of riore hydrochloric acid. 

12. Cinchonine is detected by some of the general precipitation 
reagents in more dilute solutions than any other alkaloid. Potassium 
mercuric iodide still produces an opalescence in a solution diluted to 
1 : 600,000 ; iodine in potassium iodide solution gives a precipitate 
with a solution of 1 : 500,000 ; and phosphomolybdic acid and potas- 
sium iodide give a distinct turbidity with a solution of 1 : 200,000. 
Tannic acid only gives gradually a faint turbidity at 1 : 40,000 ; 
mercuric chloride at 1 : 10,000 ; and platinum chloride at 1 : 500. 

13. With regard to the microchemical detection, see the communi- 
cations of Hesse, 1 Behrens 2 and Grutterink.3 


Summary and Retnarlcs on Non-Volatile Alkaloids (Group II) 
Sec. 219. 


Narcotine may be separated from quinine and cinchonine by 
repeatedly shaking the acidified solution with chloroform. If the 
aqueous layer is separated from the chloroform and treated with 
ammonia and ether containing about 2 per cent, of alcohol, the 
cinchonine separates, whilst the quinine is obtained in the ethereal 
solution. On evaporating the chloroform solution the narcotine is 
obtained, and the quinine by evaporating the ethereal solution. 
Further tests may readily be applied to the separated alkaloids by 
means of the reactions described above. , 

If it is a question not merely of separating quinine and cinchonine 
from one another, but also of differentiating them from the other 
alkaloids occurring in cinchona bark — quinidine (optically isomeric 
with quinif e), cinchonidme (optically isomeric with cinchonine), etc. — 
thf; test with ammonia solution and ether is not sufficient. Methods 
for the separation and differentiation of these alkaloids have been 
given by van der^Bi]|g,^ H. Hager,® Hesse,® de Vrij,’ Heilbig,® H. 
Behrens,® G. Denigfes,!® and others. 


» Arm. d. Chem., 181, 48, 63. 

• Chem, ZerUr^j 1894, n., 106 ; Zeitach. anal. Chem.t 48, 363 (1904;. 

« ZeiUch. anal. Cham., 51, 222 (1912). 

« Ibid., 4, 273 (1806). 

» Ibid., 8, 477 (1869) ; Pharm. Zeniralh., 21, 411 (1880). 

• ZaiUch. anal Chem., 11, 328 (181?.) ; 28, 219 ; Ann. d. Chem., 276, 86, 126, 
, ^ i (<<4 ano/. Chem., 12, 320 (1878). , 

® /6tA7^!44 (1881); 20, 120(1889). ’ 

• Ibid., 48, 363 (1904). 

w Pharm. Zt^., 967 (1009) 
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Third'Qfowp, 

Non-volatile alkaloids which are precipitated by potasstnm hy- 
droxide from solutions of their salts, and are not soluble to 
any material extent in excess of the precipitant,^ but are not 
precipitated from acid solutions, even when fairly concen- 
trated, by alkali hydrogen carbonates. 

Strychnine, Brucine, Veratrine, Atropine. 

Sec. 220. 

1 . Strychnine, C21H22N2O2. 

]. Strychnim occurif, in association with brucine, in different 
species of Strychnos, and especially in nux vomica (the seeds of Strych- 
nos nux vomica) and in St. Ignatius beans (the seeds of Strychnos 
Ignatii). It is known either in the form of lustrous white rhombic 
rods or (when separated by precipitation or rapid evaporation) 
as a white powder. Strychnine has an alkaline reaction, and an 
intensely bitter taste, which is perceptible in a dilution of more than 
1 : 40,000. It is one of the most deadly poisons ; the most impor- 
tant system is the occurrence of tetanic spasms. One part of strych- 
nine dissolves in 6600 parts of cold and 2500 parts of boiling water, 
in 1250 parts of ether (containing water), in 180 parts of amyl alcohol, 
in 165 parts of benzene, in 160 parts of cold and 12 parts of boiling 
90 per cent, alcohol, and in 6 parts of chloroform (M. Scholtz^). It 
is nearly insoluble in absolute alcohol, absolute ether, and petroleum 
spirit. It is la)vo-rotatory : [a]D=— 114-7° (in alcoholic solution). 
When heated, it can hardly be melted without decomposition. When 
cautiously heated, it can be sublimed unchaEged in small quantiti^ 
(HelwigS). • 

2. Strychnine is a mono-acid base. It combines with aciAs to 
form saUSj which as a rule crystallise well^and most of which are 
soluble in water and dilute alcohol, but ate iilsotuble in ether, chloro- 
form, amyl alcohol, add benzene.. All have an intensely, bitter taste, 
aifO^are extremely poisonous. On treating concentrated^ aqueous 
solutions with small amounts of acid a portion of Ihe salt separates, 
but the precipitate re-dissolves on the ’addition of more acid (Hanriot 
and Blarez). 

1 With regard to atropine, </. dso Sec. 223, 4. 

• '^rch. d, PHtrnn., 260, 418 (m2). 

* Zeitsch, 8, #8 '864). 
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3. Potassium and sodium hydaoxides and sodium caihonate produce 
white precipitates in solutions of the salts. The precipitate (strych- 
nine) is insoluble in excess of the precipitant, and appears under a 
magnification of 100 diameters as an aggregate of needle-shaped 
crystals ; in the case of .dilute solutions it is only formed after some 
time, and can then be seen even by the naked eye to consist of 
needles. 

4. Ammonia produces a precipitate of the same composition as 
that formed by potassium hydroxide. This precipitate is soluble in 
excess of the precipitant. After a short time, however (a consider- 
able time in the case of very dilute solutions), the strychnine separates 
in acicular crystals, easily recognisable by the naked eye. 

5. On treating a neutral solution of a strychnine salt with sodium 
hydrogen carbonate strychnine is precipitated after a short time in 
the form of fine needles. The precipitate is insoluble in excess of 
the precipitant. If, however, a drop of acid is added (so little that 
the liquid still remains alkaline), the precipitate which was formed 
readily dissolves, owing to the action of the liberated carbon dioxide. 
When an acid solution of strychnine is treated with sodium hydrogen 
carbonate no precipitate is formed. Only after 24 hours, or longer, 
does the strychnine crystallise from the solution in well-defined 
prisms, in proportion as the carbon dioxide escapes. ' If a solution 
is boiled for some time with excess of sodium hydrogen carbonate, 
a precipitate is produced, immediately when the solution was 
concentrated, or only after concentration when it was dilute. 

6. Strychnine or a strychnine salt dissolves in concentrated 
nitric acid (sp. gr. I ’4) to form a colourless solution, which becomes 
yellow on heating. If a small quantity of powdered 'potassium 
chlorate is added to a solution prepared in the cold, the liquid assumes 
h fine purple-red colcyation. When evaporated with nitric acid 
strychnine leaves a yellow residue, which becomes orange-yellow on 
treatment with ammoni^, and is changed to reddish- violet by aqueous 
or alcoholic potassiiftn hydroxide solution (Formanek i). 

7. If a little strychnine is brought into ccvitact with a few drops 
of a solution of ammonium vanadate in concentrated sulp^jydc 
add (1 : 100) on clock-glass, the mixture allowed to stand until it 
becomes of a dark colour, and the clock-glass then slightly inclined, 
there will be observed at the moment when the vanadium sulphuric 
aci d flows away from the residua a beautiful characteristic blue 
colorationT^’ch soon changes to a' -/iQlet and |absequently to a 

^ Ztitsch. mat. Ohem., 86»(4C9 (1897)f 
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bright red to reddish-yellow coloration. If the acid is treated with 
potassium or sodium hydroxide solution as soon as the vermilion-red 
coloration, appears, a permanent pink to purple-red coloration will 
be produced, and will become still finer on diluting the liquid with 
water. The blue coloration is still distinctly visible in the presence 
of 0 001 mgrm. of strychnine. The reaction is not influenced by the 
simultaneous presence of other alkaloids, or at all events to a less 
extent than the following reactions (Mandelin i) : — 

8. On adding a little strychnine to a few drops of pure con- 
centrated sulphuric acid in a porcelain dish a colourless solution is 
formed. But if a small amount of an oxidising agent (potassium 
chromate, potassium permanganate, potassium ferricyanide, lead 
peroxide, manganese dic^ide), preferably in solid form (for dilution 
is disadvantageous), there is produced a fine bluish- violet coloration, 
which changes after some time into wine-red and then into reddish- 
yellow. In the case of potassium chromate and potassium per- 
manganate the reaction takes place at once ; on inclining the dish 
bluish-violet streaks are formed by the fragment of the salt in- 
troduced, and if this is distributed by shaking, the whole liquid is 
soon coloured. The appearance of the phenomena is not quite so 
rapid on the addition of potassium ferricyanide, whilst it is slowest 
of all with the peroxides. The more rapid the appearance of the 
coloration, the sooner does the change of colour take place. The 
reaction is particularly fine and sensitive when produced by means 
of potassium dichromate, as recommended by J. Otto, 2 who pours a 
dilute solution of the reagent over traces of strychnine on a clock- 
glass. The strychnine is gradually converted ipto the sparingly 
soluble strychnine chromate. If the liquid is decanted, the residue 
slightly washed with water, the remainder of the liquid absorbed by 
means of filter paper, and the film of strychnine chroA*ate brought 
into contact with concentrated sulphuric acid, the blue or bliish- 
violet streaks are immediately produced., Strychnfne chromate 
may also be precipitated directly from solution^ of strychnine salts 
by means of potassium dichromate (R. Otto). Fliic^ger recom- 
^8® ot a solution of O'Ol grm. of potassium di^romate 
in 6 c.c. of water, which is mixed with 15 grmS«of concentrated 
sulphuric acid. When the liquid containing the strychnine is poured 

on to this solution in a test-tube, the bluish- violet zone is formed at 
1*1 

the place of contact of the two liquids. The reaction will also 

» Ofcim., 28, 245 (18S4). 

> 4 prakt. 38, 611 (1846). 

j. * • 
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obviously take place when a tr<ce of strychnine or a strychnine salt 
is sprinkled on to this reagent. 

. According to Bailey and Lange, i a reaction is obtained with as 
little as 0*00025 mgrm. of pure strychnine when it is moistened with 
a drop of concentrated sulphuric acid and brought into contact with 
a particle of a crystal of potassium dichromatc. 

The method is also very sensitive when the pale green solution 
of 1 part of potassium permanganate in 2000 parts of concentrated 
sulphuric acid is used, as was first recommended by Guy. Wenzell 2 
states that he has been able unmistakably to detect as little as 0*0005 
mgrm. of strychnine by means of this solution. Tartaric acid, citric 
acid, and thiocyanates, however, behave towards this solution in a 
similar manner to strychnine (G. Guerin 3)., According to H. Enell,^ 
this also applies to many other organic substances, so that it is 
frequently more advisable to carry out the reaction by means of 
potassium dichromate. On the other hand, Enell points out that 
the coloration with chromate is only very indistinct, or is not produced 
at all, in the presence of nitric acid, or when the strychnine is in the 
form of a nitric acid salt, and that in such cases, therefore, potassium 
permanganate should be used. The reaction takes place, however, 
even when free nitric acid is present, if a large quantity of the reagent 
is added, the colour then changing from cherry-red (first produced) 
into *vioIet. 

The presence of morphine influences or inhibits this strychnine 
reaction described above (Keese,® Horsley ®). In order to produce 
it with certainty in the presence of morphine, the strychnine should 
first be precipitated as chromate as described above, or the neutral 
solution should be treated with potassium ferricyanide (Neubauer), 
and the resulting precipitate washed in the same way, dried and 
* brought in^b contact ( with concentrated sulphuric acid. Another 
method is to separate the strychnine from morphine at the outset 
by means of*chloroforn;\ (Rodgers ’). 

With regard to ^he^difierentiation of strychnine from brucine by 
means of this reaction, see Sec. 224. 

Finally, it may be mentioned that curarine resembles strycjJjpine 
in its behaviow* towards sulphuric acid ahd potassium chromate. 
They may be distinguished, however, by the fact that curarine gives 

1 ZeUseh. antd. Ohem., 88, 399 (1899)? * p)kam. ZeniraJh» 2, 234 (1871). 

• Zeitseh. anal Chem., 60, 636 (1911). ^ 48, 693 (1904). 

» Ibid., 1, 399^(1862). * Ibid., 1, 61<r (1862). 

» Ibid., 6, 406 (1866). 
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a red coloration with sulphuric aciS alone, and that- the colorations 
which it gives with potassium chromate are much more isfcable. 
Moreover, curarine may be readily separated from strychnine ,by 
means of water or benzene (Dragendorff). 

9. On adding ceric oxide (Ce02) to a solution of strychnine in 
concentrated sulphuric acid there is produced a fine blue coloration, 
which changes relatively slowly into violet, and finally becomes a 
lasting red (Sonnenschein,i Djurberg 2). 

According to Plugge, extremely minute quantities of strychnine 
(0*0005 mgrm.) may be detected by means of this reaction. 

10. On treating a solution of a strychnine salt with strong chlorine 
water a white scum-like precipitate, dissolving in ammonium hy- 
droxide to form a colouriess solution, is formed ; this is regarded as 
trichloroatrychnine, CaiHigCWa. 

11. According to J. Tafel,3 strychnine is reduced by nascent 
hydrogen (e.g, zinc and hydrochloric acid) to strychnidine and tetra- 
hydrostrychnine. On heating a solution of strychnine in a little 
hydrochloric acid with excess of zinc dust, filtering the liquid when 
the evolution of gas has ceased, and treating the filtrate with ferric 
chloride, there is produced a yellowish-red coloration, which is stable 
on boiling the liquid, and is best obtained when the solution is still 
slightly acid after the reduction. Ammonia and sodium hydroxide 
change the yellow coloration of the liquid to red ; the colouring 
matter is not extracted by ether either from the acid or alkaline 
solution. The test is sensitive to 3 mgrms. of strychinne (W. Lenz ^). 
On treating 4 c.c. of a strychnine solution with 4 c.c. of hydrochloric 
acid (sp, gr. 1*18) and 2 to 3 grins, of granulated zinc, boiling the 
liquid, allowing the mixture to stand for 4 minutes, and then de- 
canting the supernatant liquid and treating it when cold with oi|e 
drop of a 0*1 per cent, solution of sodiunf nitrite to 2 c.c., a red 
coloration is immediately produced in the presence of 0*003 to 8*004 
mgrm. of strychnine. If, instead of the niirite, 1 c.c. of sulphuric 
acid and a drop of 0*1 per cent, sodium nitrrfbe solution are used, the 
red coloration produced is much more intense, but /^he reaction 
applied in this form is somewhat less sensitive (P. Malaquin ® 
G. Denig^s «). 


1 Ztitach. and, Chem., 0, 494 (1870). 

» Ibid., 11^440(1872). 

* Ann. d. ChenK, m, 286 (1898). 

* Pharm. 786 (1898). 

Zeitach. anal Chem., 49, 666 (1910), 

* iWrf..61,H«8(1912). , 
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12. On treating a solution ^ a strychnine salt with ‘potassium 
thiocyamte a crystalline white precipitate is produced, immediately 
in concentrated, and after some time in more dilute, solutions ; under 
the microscope this precipitate is seen to consist of flat needles with 
blunt or pointed ends ; they are only slightly soluble in excess of the 
precipitant. 

13. Mercuric chloride produces in solutions of strychnine salts 
a white precipitate, which after some time changes into stellar 
groups of needles, plainly visible with the aid of a lens. On heating 
the liquid they dissolve ; and on cooling the solution the compound 
is obtained in large crystals. 

14. Tannic acid produces a compact white precipitate, insoluble 
in hydrochloric acid, in solutions of sttycbnine salts containing as 
little as 1 : 3000. 

15. Of the other general precipitation reagents, potassium mercuric 
iodide produces a compact white precipitate, and gives a turbidity 
with solutions containing 1 : 150,000 ; iodine in potassium iodide 
solution produces a precipitate of reddish-brown colour in a solution 
containing 1 : 15,000 ; phosphomolybdic acid produces a yellowish- 
white precipitate with solutions of 1 : 14,000 ; and gold chloride gives 
a dirty yellow precipitate with solutions of 1 : 10,000, this precipitate 
being soluble in alcohol, and crystallising therefrofn in orange- 
yellow crystals. Platinum chloride produces, even in solutions 
containing 1 ; 1000, a yellowish-white precipitate, which dissolves 
with difficulty in boiling alcohol and separates therefrom in lustrous 
flakes (Dragendorff), In a solution slightly acidified with nitric acid, 
potassium bismuth iodide is stated to give a precipitate in the presence 
of 1 part of the alkaloid in 40,000, and phosphotungstic acid with 
1 : 100,000. 

^ 16. Wii^regSLid to ihQ.microcJiemical detection see the communica- 

tionft of A. Grutterink i and R. Wasicky.^ 

Sec. 221. 

2 . Brucine, C23H26N2O4. 

c 

1. Brucine, r/hich occurs in association with strychnine in 
different species of Strychnos (c/ p. 887), is known in the crystalline 
condition, C23H2eN204.4H20, either in ^the form of transparent 
rhombic rods or stellar groups of fleedles, or as a white powder com- 

• Zobch. SiMl. Chem., 61, 187 (1912). •' ' 

• ZttUKh. aOgem. dtterr. Apolh. Yeraru, 69, 36, il.fii, and 67 <1914). 
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posed of small crystalline flakes. ^ lias a bitter taste and a tfxio 
action, which, however, is less pronounced than that of strycl^iine. 
Crystallised brucine dissolves in 320 parts of cold and in 160 parts 
of boiling water, whilst the anhydrous alkaloid dissolves in 850 and 
500 parts respectively. It is also soluble in 1140 parts of petroleum 
spirit, and in 133’5 parts of ether containing water, but is very 
sparingly soluble in absolute ether ; it dissolves in 2 parts of 80 per 
cent, alcohol, and is also readily soluble in absolute alcohol, in amyl 
alcohol (especially on heating), and in chloroform. It is Isevo-rota- 
tory : [ajo in absolute alcohol solution = —801°, in chloroform 
solution = —120°. It melts at 100° in its water of crystallisation, 
whilst the anhydrous brucine melts at 178°. 

2. Brucine is a mono-^acid base, and combines with acids to form 
salts, which are readily soluble in water and have a very bitter taste, 
and most of which are crystallisable. 

3. Potassium hydroxide, sodium hydroxide, and sodium carbonate 
precipitate brucine from solutions of its salts as a white precipitate 
insoluble in excess of the precipitant. When examined under the 
microscope immediately after the precipitation it appears to consist 
of very small granules. On continuing the observation, however, 
these will be seen to coalesce suddenly (with the fixation of water) 
into needles, which again invariably group themselves concentrically. 
This alteration in the p’-ecipitate may even be observed with the 
naked eye, 

4. Ammonia precipitates brucine from solutions of its salts as 

a white precipitate. At first this appears to be composed of minute 
drops of oil, but those gradually combine with water and change 
into minute needles. The precipitate is readily soluble, immediately 
after the precipitation, in an excess of ammonia solution. After a 
very short time, however (somewhat longer^ in the C8r>e of dilift^ 
solutions), the brucine combined with water of crystallisaibion 
crystallises from the solution in small needles grouped (wncentrically, 
and is then no longer dissolved by the add!5,tioA of more ammonia 
solution. ^ 

5. Sodium hydrogen carbonate, added to a neutral solution of 
bruc’lhe, produces in a short time a precipitate of tw^cme (containing 
water of crystallisation) in the form of lustrous silken needles grouped 
concentrically. The precipitate is insoluble in excess of the pre- 
cipitant, but dissolves thfough the action of free carbon dioxide 
(cf. Sec. 220, 6). Acid soljji1ri(ms of brucine salts do mt give a pre- 
cipitate. jOnly alter a loij^4}ime, as the carbon dioxide* escapes, 
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does the above-mentioned confound separate in relatively large 
oryst^. 

6. On bringing brucine or one of its compounds into contact with 
concentrated nitric acid (sp. gr. 1*3 to 1*4), a solution is obtained 
which is momentarily an intense bright red, and then yellowish-red, 
and changes to yellow on heating. If the liquid, whether con- 
centrated or diluted with water, is treated, drop by drop, after being 
heated to this point, with stannous chloride solution diluted with a 
little water, the intense yellow coloration changes to an extremely 
intense violet. A violet precipitate is also formed in concentrated 
solutions. This reaction is also produced by colourless ammonium 
sulphide solution. The smaller the quantity of nitric acid used for 
the solution of the brucine, the finer is the coloration. If sodium 
hydrogen sulphide solution is used instead of the reducing agents 
mentioned, the violet coloration first produced changes subsequently 
to green (St. Cotton i). The stannous chloride reaction is particularly 
fine when about 0*5 c.c. of a solution of brucine in 60 per cent, 
chloral hydrate solution is mixed with a very little dilute nitric acid, 
and the mixture poured on to three times its volume of concentrated 
sulphuric acid. A yellowish-red to deep red coloration is immediately 
produced. When the upper layer has become yellow after a short 
time, a little dilute stannous chloride is introduced by means of a 
pipette. (This solution is prepared by dissolving 1 part of stannous 
chloride in 9 parts of hydrochloric acid of sp. gr. 1*12.) A fine violet 
zone then appears between the two upper layers (R. Mauch 2). 

7. On mixing a little brucine with a few drops of conceMrated 
sulphuric add a colourless solution is obtained. If, however, the 
sulphuric acid contained a trace of nitric acid, or if Erdmann’S 
reagent (Sec, 216, 6) is used, a transitory pink to red coloration and 
tubsequentlj; a yellow coloration is obtained. The reaction is very 
sensitive. 

8. When c brucine is brought into contact with a solution of 
ammonium vanadaiJ m concentrated sulphuric acid (1 : 200), the 
solution becomes transitorily red and then jeddish-orange, and is 
soon decoloHsed (Mandelin 

9. On treating the solution of a brucine salt with potdS^um 
dichromate, it remains clear at first, but after some time yellowish- 
red crystals separate, which dissolve in concentrated sulphuric acid 

1 ZeiUch. anal Chem., 9, 111 (1870>; 

• tfber 'phy^katisch-chem^che, Kigen^<^aften des Chloralhydrats, Dissert. 

Straaeburc, 189^,* p. 34. ' ‘ 

• ZeiUch, anal, Chem., 28,^236 (1884). 
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to fona a brownieli-r^d solution. ^)n drawing a small crystal of 
potassium dichromate through a colourless solution of brucii^e in 
sulphuric acid (free from nitric acid) red streaks are formed, and 
the whole liquid then becomes red, changing to olive-green, to brown, 
and -finally to green (Gadamer). On dissolving brucine in dilute 
sulphuric acid (1 : 10), and introducing into the solution a glass rod 
previously dipped into very dilute potassium dichromate solution, 
a raspberry-red coloration is first produced, but changes into orange 
and brownish-yellow (Dragendorff i). 

10. When a solution of brucine in acetic acid is diluted with 
water and then. treated with lead ‘peroxide, the liquid becomes pink 
(Ihl). When treated with manganese dioxide and dilute sulphuric 
acid in the cold, brucine ^ives a yellowish-red to blood-red coloration 
in a few hours, and picric acid then added to the filtrate produces 
an amorphous yellow precipitate (H. Hager 2). 

11. On mixing a solution of a brucine salt with a solution of 
mercurous nitrate, as free from acid as possible, a colourless liquid 
is obtained. On now heating the mixture on a moderately hot water 
bath, a fine carmine coloration gradually develops from the margin 
and increases in intensity ; it is very stable. Strychnine does not 
produce a red coloration. In this way 1 part of brucine may be 
detected in the presence of 10 to 20 parts of strychnine (Fluckiger y). 
As was pointed out by C. Reichard,^ the reaction does not take 
place with the free alkaloid, but only with brucine salts. In the 
reaction between free brucine and the mercurous salt, the latter is 
reduced to metallic mercury, which gradually separates as a whitish- 
grey mass, which finally becomes almost black. 

12. When a solution of a brucine salt is carefully treated with 

chlorine water it becomes bright red, the colour changing on the 
addition of ammonia solution to pale yellc^vish-broWA. If solid*' 
brucine is treated with a little chlorine water it dissolves, forming 
a pale-red solution, which, when evaporated on the water bath, 
leaves a blood-red residue (Beckurts). (Essential distinction from 
strychnine.) ^ 

13. On treating solutions of brucine salts with potassium thio- 
cyafidlb a granular crystalline precipitate is formed^jetpecially when 
the sides of the vessel are rubbed, immediately in concentrated, and 
after some time in dilute, solutions. Under the microscope the 

1 Zeitsch. amd. CU-mo, 18 , 107 ( 1879 ). 

» Ihid., 11 , 201 ( 1872 ). 

».fr6t(i.,15,342(1876). 

* / 6 ^., 49, 790 fioro). 
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precipitate shows the form of po^yhedric crys^lline granules grouped 
in various ways with regard to each other. 

14. Mercuric chloride produces a white granular precipitate, which 
under the microscope is seen to consist of minute globular crystalline 
granules. 

15. Tannic acid, produces a compact dirty- white precipitate in 
solutions of brucine salts containing as little as 1 : 2000 ; the pre- 
cipitate is soluble in acetic acid, but insoluble in hydrochloric acid. 

16. Of the remaining general 'precipitation reagents, iodine in 
potassium iodide solution reacts with solutions diluted to 1 : 50,000 ; 
potassium mercuric iodide with solutions containing 1 : 30,000 ; 
gold chloride with 1 : 20 , 000 ; potassium bismuth iodide and also 
molybdic acid with 1 : 50,000 ; and platinum chloride with 1 : 1000 
(Dragendorff). The ochre-yellow phosphomolybdic acid precipitate 
gives the reaction described in 6 . 

Sec. 222. 

3. Veratrine. 

1 . Veratrine is a mixture of two isomeric alkaloids, not easily 
separated, which are contained in sabadilla seeds (Sahadilla officinalis), 
viz. crystallisable cevadine and amorphous veratridine, each of which 
has the formula C 32 H 49 NO 9 . For toxicological investigations this 
mixture is to be regarded as an individual substance.^ It is a bulky 
white odourless powder, with a pungent burning but not bitter taste, 
and is extremely toxic. Its dust provokes violent sneezing. It is 
only very slightly soluble in water : to a greater extent in the freshly 
precipitated than in the dry condition. The solution has a burning 
taste, and is faintly alkaline in its reaction. The cold saturated 
, solution becomes turbid when heated, but becomes clear again on 

cooling, provided th^b the heating was not continued too long. 
Veratrine dissolves in 2 parts of chloroform, in 3 parts of alcohol, 
and in 10 parts of ether, somewhat readily in amyl alcohol and in 
benzene, and to a still smaller extent in petroleum spirit. It melti 
like a wax-^t 150°-155®, and, on cooling, solidifies to a yellow trans- 
parent haass ; wjien carefully heated it can be sublimed unchttr^jed. 

2. Acids n^tralise veratrine completely. Some of the salts 
crystallise with difficulty, but most of them resemble gums when 
dry. Some of them are soluble in water n-nd have a pungent burning 

1 The statements in the text refer to tlv? ‘J, officinal veratrine. ” With regard 
to the soparatiO.i of the mixed alkaloids, see E. Schmidt and R. Koppen {Ann, 
d, Cheml, 185, 224) and Bosetti {Zeitech. anaif. fhem,, 25, 249 (1886^). 
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taste. Veratrine is extracted from* acid solutions by benzene, but 
not by petroleum spirit (Masing). p 

3. Potassium and sodium hydroxide, ammonia and alkali carbonates 
produce in solutions of veratrine salts a flocculent white precipitate, 
which, when examined under the microscope immediately after 
precipitation, is seen to be non-crystalline. After some minutes, 
however, it changes its condition, and instead of the coagulated mass, 
of which at first it appeared to consist, crystalline groups composed 
of short rods are visible. The precipitate is not insoluble in excess 
of potassium or sodium hydroxide solution or of potassium carbonate 
solution. It is slightly soluble in- ammonia solution in the cold, but, 
on heating, the dissolved portion partially separates again. 

4. The salts of verafjjrine behave like those of strychnine and 
brucine towards sodium or fotassium hydrogen carbonates. On 
boiling the solution, however, veratrine readily separates from dilute 
solutions. 

5. When veratrine is dissolved in concentrated hydrochloric 
acid it yields a colourless solution, which, when boiled for some time, 
gradually becomes reddish and finally intense red, and the colour 
of which does not disappear on standing. The reaction is very 
sensitive (Trapp i). 

6. On bringing veratrine into contact with concentrated nitric 

acid it agglomerates into resinous lumps, which slowly dissolve. 
If the veratrine was pure the solution is colourless. On evaporating 
the solution to dryness on the water bath, and heating the residue 
with alcoholic potassium hydroxide solution (1 : 10), it assumes a 
blood-red or, in the case of smaller quantities, a raspberry-red 
coloration ; at the same time, on evaporating the alcohol, an odour 
of coniine becomes perceptible, and is reproduced on repeating the 
addition of alcoholic potassium hydroxide solijition. Thxs odour of 
coniine can be recognised in the presence of 0’25 mgrm., whilst the 
raspberry-red coloration is not produced unyl the amfiunt of the 
alkaloid reaches 1'3 mgrm. (J. Konkadow^). » ^ 

7. When veratrine is^introduced into concentrated sulpJ^rk acid it 
ag^merates in like manner into a resin-like mass. The lumps.readily 
dissolve, however, to form a solution which at first"** yellow with a 
greenish-yellow fluorescence, but the yellow colour of which becomes 
continually darker, and then changes through reddish-yellow into an 
intense blood-red, and hnally to purple-red ; the colour persists for 

1 Skim. awal. C'Aem./2, 216 (ft63). 

® Ch^m, (1899), 


67 
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two or three hours and then gradually fades. On heating the liquid 
the red coloration is produced immediately. The addition of about 
an equal volume of bromine water also causes the yellow colour of 
the fresh sulphuric acid solution to change at once into purple-red. 
Cubebine also gives a similar reaction (Schar). Erdmann’s reagent 
{Sec. 216, 6) and Frohde’s reagent (Sec. 213, 11) act in the same way 
as concentrated sulphuric acid, but somewhat more rapidly. 

8. A solution of ammonium vanadate in concentrated sulphuric 
acid (1 ; 100) is at first changed to brownish-red and subsequently 
to dark reddish-violet by veratrine (Kundrat). 

9. If a little powdered sugar is sprinkled over a thin layer of 
the yellow solution of veratrine in concentrated sulphuric acid there 
is soon produced (owing to dehydration) , a dark green coloration, 
which gradually becomes intense blue and then slowly fades (Weppen^). 
The formation of the green coloration is accelerated by breathing * 
on the mixture. The blue coloration is particularly fine when it is 
obtained by adding a small drop of bromine water to the mixture 
after it has become green. If the quantity of veratrine is not too 
small it may be ground up with the sugar, and the mixture then 
stirred with a few drops of concentrated sulphuric acid. The success 
of the reaction depends upon there being a definite proportion 
between the amounts of veratrine and sugar ; according to Beckurts 
this should be 1 : 6. R. Otto was unable to obtain the reaction with 

a mixture in the proportions of 1 : 2 and 1 : 4 originally prescribed 
by Weppen ; it could be obtained with a mixture of 1 : 8, but the 
colorations were not nearly so fine as with the mixture of 1 : 6. 

10. On treating veratrine with a solution of five drops of furfural 
in 10 c.c. of concentrated sulphuric acid, the liquid becomes first 

yellow to olive-green with blue margins, and then, after a few minutes, 
the colour cnanges to s»-ip-green and finally to a fine blue (N. Wender 2). 
The reaction is not so sensitive as the preceding one. 

11. On treating a solution of a veratrine salt with not too small 
a quantity of chlorint watery it becomes intensely yellow, and the 
coloration ia not materially changed on adding ammonia. 

12. Jhe most sensitive of the general precipitation reagent^ioi 
alkaloids in the. case of veratrine are iodin6 in potassium iodi^ solu- 
tion, potassium mercuric iodide, phosphomolybdic acid, and tannin ; 
they produce precipitates even in solutions diluted -to 1 ; 5,000.2 

1 ZeitocA. and, Chem.y 13- 464 (1874). , , * Ibid,, 42, 32g(1903). 

* With regaSd to the further reactions of veratrine, ^ C. Keiohard, Pham, 
ZetUrdA.y 46, 644 (1906). 
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' Sec. 523. 

4. Atropine, C17H23NO8. 

The i-Tropine ester o/*0+l) tropic acid. 
CeH6.CH(CH2.0H).C00.C7HnN(CH8). 

1. Atropine i which occurs in all parts of the deadly nightshade 
(Atropa belladonnh) and the thorn apple (Datura stramonium), in 
association with the isomeric hyoscyamine (Ladenburg, E. Schmidt), 1 
is known in the form of colourless lustrous rods and needles. It is 
odourless, and has a nauseous and persistent bitter taste. Atropine 
is soluble in about 300 parts of water (Planta) and in 1211 p^rts 
of petroleum spirit at about 20°, in 45 parts of ether, 26 parts of 
ethyl acetate, 25 parts# of benzene, and 15 parts of chloroform 
(M. Scholtz). It is readily soluble in alcohol and amyl alcohol. 
It is optically inactive. Its aqueous solution has an alkaline reaction ; 
on boiling it some of the atropine volatilises with the steam. Atro- 
pine is extracted from the solution by treatment with animal charcoal. 
The alkaloid melts at 115° to 115*5°. When carefully heated above 
that temperature the greater portion of the atropine volatilises 
unaltered, and sublimes at first in oily drops, which, when in contact 
with a drop of water, gradually yield crystalline needles, and, on 
contact with hydrochloric acid, form fine octahedra after some time 
(Helwig 2). 

2. Atropine combines with acids to form salts, most of which are 
non-crystalline or only crystallise with difficulty. The salts are 
readily soluble in water and alcohol, but are practically insoluble 
in ether, benzene, and amyl alcohol. Aqueous solutions of atropine 
salts darken when heated for some time. 

3. Atropine and atropine salts have a poisonous narcotic action® 
They are mydriatic, i.e. enlarge the pupil for a Sonsiderab^e time when 
introduced into the eye. The same effect, however, is also produced 
by hyoscyamine. In the case of the latter attcaloid the action takes 
place at a somewhat later period, but is more fasting than in the case 
of atropine. Cocaine ^Iso enlarges the pupil, but oaly when a 
soiiie^at concentrated solution is used. According to Donders and 
Kuyter, one drop of a solution of atropine (1 ; 1W,000) will still 
produce mydriasis, 

^ £. Schmidt and H. HensohJce {Ghem. Zentr., 1888, 549) also found atropine 
in association with hyoscyamine and scopolamine in the root of Scopoliajflponica. 
With regard to other alkaloids ^aoz^anying ly^ropine and hyoscyamine in 
l^lladonna and their properties, See 0. Hesse [Ann. d, Chm., 87 ; ^1, 100). 

* ZeiUeh^anal Cnem., 8, 43 (,^^(^). 
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4. Potassium and sodium hydroxides and oIImU carbonates precipi- 
tate J)art of the atropine from concentrated aqueous solutions of 
atropine salts. The precipitate, which is pulverulent at first, does 
not dissolve more readily in excess of the precipitant than in water. 
On standing for a considerable time it becomes crystalline. Am- 
monia also precipitates the alkaloid ; the precipitate is soluble in 
excess of the precipitant. On treatment with fixed alkalis, and also 
with baryta water, atropine is decomposed, slowly in the cold and 
more rapidly on heating, with the formation of tropic acid and 
subsequently of atropic acid (a-phen)^lacrylic acid) and also of, 
tropine. 

5. Ammonium carbonate and alkali hydrogen carbonates do not 
precipitate atropine from solutions of its salts. 

6. If atropine or an atropine salt is treated with a little fuming 
nitric acid, and the mixture dried on the water bath, a colourless 
residue is obtained. On adding to this, when cold, a drop of a 
solution of potassium hydroxide in absolute alcohol, a violet colora- 
tion, soon changing to red, is produced (Vitali i). The test is capable 
of detecting 0*001 mgrm. Hyoscyamine and scopolamine give the 
same, and strychnine and veratrine an analogous reaction. With 
regard to the difference in the behaviour of strychnine and atropine, 
see D. Vitali. 2 

7. On heating atropine with concentrated sulphuric acid until a 
brown coloration appears, and then adding twice the volume of water, 
the mixture froths up and emits a sweet odour, recalling that of 
sloe blossoms (Gulielmo 3). On then adding to the hot mixture a 
granule of potassium dkhromate, the resulting odour will recall that of 
meadowsweet {Spircea idmaria) ; whilst on continuing the heating it 

rwill resemble that of bitter almonds (Pfeiffer). The odour of flowers, 
which is characteristi<S' of atropine, may also be produced by placing 
a little of the alkaloid upon crystals of chromic acid, and heat- 
ing the mixture until^ owing to incipient reduction, the chromic 
acid becomes green (Brunner ^). 

8. If atpopine is brought into contact with concentrated sulphuric 
acid on^a white porcelain surface, and a few crystals of potgs^um 
nitrate stirred iSitto the mixture, a deep yellow to orange coloration 
is produced. On then adding a few drops of an alcoholic solution 


» Zeitsch. antd. Ghent,, 20,^663 (1881). 
8 /Wd., 88, 134(1899). • ^ 

• Idid„ 2, 404 (1863). 
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of potassium hydrozide the mixtlre assumes a fine reddish-violet 
coloration, which soon changes to pale pink (Arnold). v 

9. Auric chloride precipitates from aqueous solutions of atropine 
salts the aurochloride, C17H23NO3.HAUCI4, in the form of a yellow 
precipitfCte, which is sometimes oily at first, but gradually becomes 
crystalline. When recrystallised from hot water containing hydro- 
chloric acid, this compound is obtained in small lustreless flakes, 
which melt at 135° to 137° (Landenburg i). 

10. An aqueous solution of mercuric chloride, added to an alco- 
holic solution of an atropine salt, immediately produces a yellowish 
precipitate, changing to orange-red when gently heated (Gerrard). 

11. Tannic acid produces in absolutely nt^utral aqueous solutions 
of atropine salts a cas%3us white precipitate, which is soluble both 
in hydrochloric acid and in ammonia solution. 

12. Picric acid produces a crystalline precipitate in acid solutions 
of atropine which are not more dilute than 1 : 500. If, however, the 
sb-called airopinum sulphuricum naturale, which is a mixture of 
atropine and hyoscyamine sulphates, is used for the reaction, an 
amorphous turbidity, changing to oily drops, is produced. 

13. Of the other general precipitation reagenls, the following 
produce precipitates in slightly acid (sulphuric acid) solutions : 
Potassium mercuric iodide in solutions containing 1 : 150,000 ; 
iodine in potassium iodide solution with 1 : 65,000 ; and phos- 
phomolybdic acid with 1 : 16,000.^ 


Summary and Remarks on Non-Volatile Alkaloids (Group 111), 
Sec. 224. 

Strychnine may be separated from brucine, veratrme, and atr(y> 
pine by means of cold absokUe alcohol, in wEich it is soluble, \|hil8t 
the other two are insoluble. The separation of strychnine and 
brucine, which may be required in cases of ndx vomica poisoning, may 
be effected by means of potassium dichromate. For this purpose, 
the alkaloids are obtamed in a solution as concentrated as possible 
iif dMute acetic acid, ^nd potassium dichromate addeef Under 
these conditions nearly the whole of the strychnme separates as 
chromate, whilst the brucine remains in solution ; after standing 
for a considerable time, hewever,^ the brucine may also separate as 

1 Ann. d. Chem.t 206, 274. ^ • 

* With regard tol‘*the reactions^! atropine, cf. also C. ReiOhard, Zeit^ 
28, 1048 (1804), and K^.Eder, TAmch. anal Chem^, 58, 233. 
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oliromate (R. Otto). The two alkaloids may ako be readily diferen* 
tiatedr^ and separated by means of chlorine water ; for when treated 
in the dry condition with that reagent the brucine dissolves to form 
a red solution (Sec. 221, 12), whilst the strychnine is left un- 
dissolved (Sec. 220, 10) (Beckurts i). According to Beckutts 2 the 
most accurate method of separating the two alkaloids is to treat 
the mixture, which must previously be purified as completely as 
possible, with water containing hydrochloric acid, so as to obtain 
an approirimately 1 per cent, solution, and to add 0*5 per cent, 
potassium ferrocyanide solution to this, with constant stirring, until 
a drop of the mixture, filtered through a micro-filter, produces a blue 
coloration on moist filter paper impregnated with ferric chloride 
solution. Only the strychnine is thus precipitated as hydroferro- 
cyanic acid salt. Strychnine is best identified by the reaction with 
sulphuric acid and the oxidising agents mentioned in Sec. 220, 8,® 
and by its microchemical behaviour. Brucine and veratrine may be 
separated from atropine by rendering the solution alkaline and 
shaking i^ with petroleum spirit (Dragendorff ) ; this solvent extracts 
the brucine and veratrine, but not the atropine. On shaking the 
aqueous layer, separated from the petroleum spirit, with ether, the 
atropine is then obtained in ethereal solution. There is no good 
method of separating brucine from veratrine, but' they may be 
readily identified in the presence of each other. For this purpose the 
reaction described in Sec. 221, 6, is the most suitable for brucine. 
To distinguish veratrine from brucine, as ako from all the other 
alkaloids dealt with here, it k sufficient to observe its behaviour on 
melting (Sec. 221, 1), a characteristic which it shares with none of 
the others. In order to detect it in the presence of brucine, the 
reaction with hydrochloric acid or with concentrated sulphuric acid 

(Sec. 221, 5 ^ad 7) should be used. 

( 

1 Zeitsch. afial. Chem.^ 28, 102 (1889). ■ 

* Arch. d. Pharm.f £28, .^16 (1890) ; Zeitsch. ami. Chem.^ 29, 730. 

* The only Bubstancee besides curarine (Sec. 220, 8) which show a somewhat 
similar behaviour in this respect are aniline (Beissttaihirz, Ann. d. Chem., 87, 
376 (1853)) and all ctcyl-anilinea or acyl-tetrahydroquinolines (J. Tafel, Ber., 

412 (1892)), the p-pneition of which is not occupied. A, Guy, howeydi , calls 
attention to the facOthat aniline, when treated with sulphuric acid and oxidinng 
agents, becomes first ^le green, then gradually darkens, and only then assumes 
a fine blue colour, winch persists for a long time and finally changes to black. 
Brucine interferes to a considerable extent with the colour reaction of strych* 
nine with concentrated sulphuric acid**and potassium dichromate. The re- 
action is still perceptible, how*»vor, with 1 ugrm. of strychnine in the presence 
of 20 ny^ms. I»f brucine, but is indistinct' with 1 ihgrm. to 40 mgrms. 
(Beckurts). ' » > , y 
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C. Properties and Reactions Sp Certain Non-nitrogenous 
S tmSTANCES allied TO THE AlKALOIDS. >; 

Although they do not belong to the class of alkaloids, and differ 
fundamentally from them in being free from nitrogen, the sub- 
stances salicine, digitaline, and picrotoxine may be dealt with as a 
supplement to the alkaloids which have been described. 

Sec. 225. 

1. Salicine, CigHigO;. 

Saligenine glucoside, C 6 H 4 (CH 2 . 0 H). 0 .C 6 Hii 05 . 

1. Salicine occurs in^the bark and leaves of most willows {Salix) 
and of certain species of poplars (Populm), also in poplar buds and 
the buds of meadowsweet {Spirwa ulmaria). It is known either in 
the form of lustrous white needles and spangles, or, if these are 
very fine and small, as a lustrous powder. It has a bitter taste. 
It dissolves with some difficulty in 28 parts of cold water or in 
30 parts of cold alcohol, but is readily soluble in the boiling 
solvents. It is insoluble in ether, but is soluble in potassium 
hydroxide solution and in glacial acetic acid. It is Isevo-rotatory, 
with [a] =— 66®. It melts at 20]®; on continuing the heating 
it solidifies again, and is dccompoSv.d at 230®-210°, with the libera- 
tion of dextrose and condensation of the residue of saligenin to 
salirelin, H0.C6H4.CH2.0.CeH4.CH2.0H (Schiffi). 

2. Salicine does not neutralise acids, and does not combine with 
them. 

3. When salicine is brought into contact with concentrated sul- 

phuric acid it assumes a blood-red coloration and agglomerates ioto 
resin-like masses. The sulphuric acid itsejf remains colourless St 
first. Solution takes place only slowly, the acid becoming intreas- 
ingly red as it proceeds, whilst water will then produce in it a red 
precipitate which is soluble in water but insaluble in dilute sulphuric 
acid (Braconnet,2 Mulder 3). ^ 

^ 4. On treating an aqueous solution of salicine wijh diluto 
sulpl&uric acid or with hydrochloric acid, and gpntly heating the 
mixture, the salicine is decomposed into dextrose and saligenin 
(o-hydoxybenzyl alcohol, HO.CeH4.CH2.OH) (Piria*). If, however, 
the liquid is toiled for a short 'time, it suddenly becomes turbid, 

1 B«r.. 14, 304 (1881). • * > ^»fn. chim. phyj\, (2) 44, 296. 

• J. ^aht. Chem,f 18, * Ann, chim. phys.^ (3) I'l, 267. 
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while the saligenin undergoes further decomposition into saliretin 
(cf, If^su'pra) (Piria i), which separates as a flocculent white agglomera- 
ting precipitate. On adding one or two drops of potassium dichromate 
solution to the liquid containing the precipitate and boiling the 
mixture, the saliretin becomes bright pink, while at the same time 
the characteristic pleasant aromatic odour of salicylic aldehyde is 
emitted. If the boiling with dilute sulphuric acid and potassium 
dichromate is carried out in a small distillation flask connected with 
a receiver containing a little water, the salicylic aldehyde may easily 
be detected in the distillate by adding a drop of neutral ferric 
chloride solution, which will produce an intense violet coloration 
(Parrot). Salicine is not decomposed when heated with alkali solution. 

5. On moistening a little salicine with a^few drops of a solution 
of pure zinc chloride in dilute hydrochloric acid (O’l grm. of fused 
zinc chloride, 3 c.c. of concentrated hydrochloric acid, and 3 c.c. 
of water), and drying the mixture on the water bath, an intense 
violet-red residue is obtained (A. Jorissen). 

6. There is scarcely any reagent which precipitates salicine 
without causing its simultaneous decomposition. Lead acetate y 
however, precipitates lead salicine, Ci 3 Hi 407 pb 2 , as an amorphous 
powder, soluble in acetic acid and alkali solutions, from concentrated 
hot aqueous solutions (Piria 2), and^odmm eihyl alcoholate precipitates 
sodium salicine, Ci 3 Hi 707 Na, as a white, very friable mass from 
alcoholic solutions of salicine (Perkin 3). 

7. Ferric chloride produces only a very slight brownish coloration 
in solutions of salicine, but on boiling the liquid it is decolorised, 
while an ochre-yellow precipitate is formed. 

8. When salicine is added to a solution of 3 grms. of silver nitrcUe 
in 30 grms. of ammonia solution of sp. gr. 0*923, to which has been 
lidded a soluCon of 3 gjms. of sodium hydroxide in 30 c.c. of water, 
and <the mixture is heated, a silver mirror is formed, owing to the 
reduction of the silver salt. Other glucosides, mannitol, cane sugar, 
and also dextrose git^ tfie same reaction (E. Salkowski). 

Sec. 226. 

2 , Digitaline. 

1. The preparations sold under the name of digitaline in com- 
merce vary very greatly in their compcsition. They consist of 

^ Ann, cMm. phys., (2)»69, 281. 

' 2 Ibid., (2) 69, 281. 

* Zeitsch./. Chem,, 1869^1(^6. 

* < c I ' 
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mixtures of the active constituents •£ those parts of the red foxglove 
(Digitalis purpurea) which grow above the soil. These haye the 
characteristics of glucosides, and among them the following have 
been identified with certainty as definite individuals ^ : Digitoxine* 
^84^64011 ; crystallisable digitonine (027H460i4.5H20)2 ; true 
*digitaline in the narrower sense of the word, C36H56O14 or C3eH580i4. 
and the still less known digitaleine, C28H48O10. Digitoxine, digita- 
line, and digitaleine are cardiac poisons, the first and the last in 
particular having a very pronounced action ; digitonine is also 
toxic, but is not a cardiac posion. When boiled with alcoholic 
hydrochloric acid, these glucosides undergo hydrolytic dissociation. 
Digitoxine yields digitoxigenine (C22H32O4) and 2 molecules of 
digitoxose (C6H12O4) ; ^ from digitonine are formed digitogenine 
(C30H48O6), 2 molecules of dextrose, and 2 molecules of galactose ; 
whilst true digitaline yields digitaligcnine (C22H30O3), digitalose 
(C7H14O5), and dextrose. 

2 . Of these pure glucosides only digitoxine, digitonine, and 
digitaline can be obtained commercially at the present time. True 
digitaline (digitalimm verum) is not a commercial product. With 
regard to the other preparations sold under the name of digitaline 
the following remarks may be made : Digitalimm purum amorphum 
(digitalimm galUcuniy Homolle’s amorphous digitaline) of the French 
and Belgian Pharmacopteias is prepared from digitalis leaves, and 
consists, in the main, of digitoxine. Digitalim n germanicum is 
obtained from the seeds, and contains true digitaline and digitaleine, 
with about 50 per cent, of digitonine. Lastly, mention must be made 
of true digitonine, which is sold under the name of “ digitalin cryst” 
In view of the fact that there are all these various preparations, it 
can be understood that the communications upon the behaviour 
and reactions of “ digitaline ” are not free fi^m contradictions, sin^fe 
some of them do not refer to preparations of the same kind? In 
the following outline we have endeavoured^ to give only statements 
referring to materials the nature of which w^is definitely established. 
It may also be noted that in the forensic detection of digitalis poison- 
ing, predominant attention must be given to digitoxine, ^ince the 
other glucosides can hardly be detected in exp^mental mixtures 
with cadaveric remains, and a fortiori disappear in the organism. 

3 . Digitoxine forms tabular white crystals containing water of 

' 0. Sohmiedeberg, Arch, experm. Patholy 8, 16 (1876) ; H. Kiliani, Arch, d, 
Pharm., 280, 250 ; 231, 400 ; 209, 311, Q9S ; 284, 273, 481 ; 287, 446 ; 

243. 252, 13 ; 264, 266; C. Keller, ZeiUch. anal C.Tew., M, 267; P. 
Kraft, Arc^ d. Pharm., 260, 1 l#iir912). 
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oiTstallisation, In thia oonditi<£i it melts at,146°-150°, and when 
anhy(jhou8, at 245°-246°. It dissolves in about 2000 parts of water ; 
it is almost insoluble in ether, but dissolves in 15 parts of hot 70 per 
cent, alcohol, and is readily soluble in chloroform and in a mixture 
of glycerin, water, and alcohol. Digitonine forms colomless needles 
or wart-like structures, which soften and turn yellow above 235*^, 
without showing any sharp melting-point. It is only sparingly 
soluble in water, ether, and chloroform, but dissolves in 57 parts of 
absolute alcohol, with more difficulty in dilute alcohol, and more 
readily in a mixture of alcohol and chloroform. It can only be 
extracted with difficulty by chloroform, but more easily by amyl 
alcohol. True digitaline forms white needles, partly united into 
wart-like masses ; it sinters at 210° and n\eltB at 217°, meanwhile 
turning yellow. In the pure condition it dissolves with difficulty 
in water (in about 1000 parts) and in ether, but is more soluble in 
alcohol and in chloroform. Amyl alcohol is the best solvent for its 
extraction. Digitaleine is an amorphous white powder with a bitter 
taste ; it dissolves in 600 parts of water, and is soluble in alcohol 
(the solution decomposes after some time), readily soluble in chloro- 
form, but insoluble in petroleum spirit. Digitalin Homolle is a yellow 
powder, soluble in alcohol and chloroform and in 2000 parts of water, 
but dissolving with difficulty in ether. German digitaline is a yellow- 
ish-white powder, which dissolves in cold water to form a neutral, 
turbid, bitter solution, which froths strongly when shaken. It is 
completely soluble in alcohol and amyl alcohol, partially soluble in 
ether, benzene, and chloroform, and insoluble in petroleum spirit. 

4. Behaviour towards concentrated hydrochloric acid. When 
heated with concentrated hydrochloric acid digitoxine gives a green 
to brownish-green coloration. On heating digitonine with hydro- 
dhloric acid <5^ sp. gr. H9 for five minutes on a boiling water bath 
the solution becomes yellow, then darkens and changes to red, to 
deep gamet-rid, and finally shows an inffication of blue. On dilut- 
ing the liquid, after cooUng, with four times its volume of water a 
blue solution with red fluorescence is obtained ; the colour soon 
fades an^ the liquid becomes turbid (0. C. Keller i). True digitnlim 
dissolves, forming 'a golden yellow solution, which becomes brown on 
heating. Digitaleine gives a pale yellow solution. 

5. Behaviour towards concentrated sulphuric add. Digitonine 
dissolves in concentrated sulphuric acid to lorm a bright red solution, 
which gradually darkens, and finally ’'beQomes re(|dish- violet. The 

* 1 ZdUch. anal. Chem., (lOOJ)). 
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coloration is obtained with 0 026 mgrm. (Dragendorff i). Tme 
digUaline dissolves in sulphuric acid, forming a greenish-fellow 
solution, the colour of which changes successively to golden-yellow, 
brownish-yellow, and red, and becomes a fine blue on the addition of 
a small amount of nitric acid or bromine water (Grandeau’s reaction), 
or of ferric chloride. Digitaleine gives a reddish solution with concen- 
trated sulphuric acid, and in Grandeau’s reaction a violet coloration, 
which changes to emerald green on dilution with water. Digitalin 
Homolle is dissolved by concentrated sulphuric acid, to form a brown- 
ish-black solution, which gradually changes to brownish-red and 
finally to scarlet. German digUaline gives a reddish-brown solution 
with concentrated sulphuric acid, the colour changing after some 
time injK) cherry-red. Jbe solution gives Grandeau’s reaction, the 
colour becoming green on the addition of water. 

C. Binz’s 2 method of applying Grandeau’s reaction is to treat 
the substance in a test-tube with 3 c.c. of concentrated sulphuric 
acid and three drops of cold saturated bromine water. In his 
experience Grandeau's reaction is by no means characteristic of the 
digitalis glucosides. It is also obtained, e.g. with saponine, salicine, 
benzaldehyde, oil of turpentine, camphor, veratrine, brucine, and 
many other substances. 

6. Lafons reaction A small quantity of the glucoside is mois- 
tened with a mixture of equal parts of concentrated sulphuric acid 
and alcohol, and the mixture heated until a yellow coloration appears, 
and then treated with a drop of ferric chloride solution. Digitoxine 
and digitalin Hotnolle give a bluish-green coloration, whilst, according 
to Dragendorfi,* German digUaline does not give the reaction. 

7. KUiani's reaction.^ A little of the glucoside powder under 
examination is treated with 4 to 5 c.c, of a mixture of 100 c.c. of 
pure concentrated sulphuric acid, to which* has beeh-^dded 1 c.8. 
of a ferric sulphate solution prepared by dissolving 5 grms. oft5om- 
mercial pure ferric sulphate in 100 c.c. of w^ter. The himps formed 
under the influence of the acid are finely divided by means of a glass 
rod, aud so made to dissolve. The following phenomena are ob- 
served : Digitoxine immediately becomes quite dark, a^ though 
com^etely carbonised a clear dirty brownish-r^ solution is then 
formed. Digitonine does not produce any coloration, and even 


1 Zeitsch. anal. Chem..dB, 742, (1896). 

* Ibid., 45, 144 (1906) ; 50, 6»<1011). 

» Ibid., 25, 567 (1886). . © , 

. 85, f43 (1896)* 

s 4rch. d. Pharm., 284»Sf3 (1896) ; Zei^ch. anal. CJtem., Sofil, 
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when large amounts of substance are used a ^aint yellowish tint at 
most^is produced. True digitalim at first produces an intense golden- 
yellow coloration, and then dissolves, forming a red solution. This 
colour rapidly changes into a fine reddish-violet, which lasts for days. 
If somewhat too much glucoside was used, the whole solution remains 
red, but on then shaking the liquid the thinner layer which is formed 
on the surface will invariably show the reddish- violet coloration. 
According to K. Otto this reaction also enables true digitaline to be 
identified in digitalin Hoinolle, although in that case a pure reddish- 
violet coloration is not produced, owing to the presence of the 
digitoxine, which gives a brown coloration. In his experience, 
German digitaline also finally gives a reddish-violet coloration vdth 
the acid containing iron, although this is not so pronounced as in 
the case of true digitaline. 

8. Reaction of Keller and Kiliani.^ This reaction requires not 
only the concentrated sulphuric acid containing iron (as in 7), but 
also glacial acetic acid, to each 100 c.c. of which has been added 1 c.c. 
of the ferric sulphate solution described in 7 (any turbidity of the 
glacial acetic acid caused by the addition does not interfere with the 
test). A trace of the glucoside under examination is dissolved in 3 
to 4 c.c. of the glacial acetic acid containing iron, and an equal volume 
of sulphuric acid containing iron is introduced beneath the liquid. 
In the presence of digitoxine a very dark zone is immediately prc^- 
duced at the junction of the two layers ; after about two minutes a 
blue streak is formed above this, and after standing about 30 minutes 
the whole of the glacial acetic acid shows a deep indigo-blue colora- 
tion. In the course of several hours this colour changes to a pro-^ 
nounced bluish-green. The sulphuric acid, however, shows little, if 
any, coloration. Digitonine does not give any coloration in this 
&st.2 True iiigitaline, binder the same conditions, imparts a colora- 
tion ‘bnly to the sulphuric acid, and behaves in the same way as in 
the absence df glacial €^cetic acid {cf. 7). Digitaleine is said to be 
recognisable by the ^formation of an intense red zone. A mixture 
of true digit, aline and digitoxine, as also digitalin Honwlle^ gives a 
reddish-ylolet coloration to the sulphuric acid, while simultaneously 
the glacial acetic f^cid becomes indigo-blue. '^Gerrmn digitaline gives 
a coloration only to the sulphuric acid, but not to the glacial acetic 
acid (R. Otto ®). 

> Arch. d. Pharm., 28*.276 (1896) ; edfach. anal. Ohem., 86, 72. 

» ZeibKh. anal. Chem.M, 72 (1897). ' 

• Afdeitung zur Ausmi^lung der ed., p^. 287 (1896)e> . 



SEO. 226 


DIGITALINE 


909 


Certain preparations of cinohonalbark also give a similar reaction, 
which is to be attributed to the tannic acid contained in ^ihem, 
since the pure alkaloids do not show the reaction (Beitter i). 

9. A solution of 0*5 grm. of selenious acid (H 2 Se 03 ) in 100 grms. 
of concentrated sulphuric acid gives with Merck’s “ pure digitaline ’* 
a yellow coloration in the cold, the colour immediately changing to 
red, and then gradually fading. When heated, the solution becomes 
bluish- violet and then brown (Mecke 2). 

10. Pettenkofer's gall reaction.^ A trace of purified ox-gall (the 
officinal preparation) is dissolved in a little concentrated sulphuric 
acid in a small porcelain basin, care being taken that the temperature 
does not exceed 60° to 70°. The solution under examination is then 
added, drop by drop, wj^ile the liquid is carefully stirred with a glass 
rod. True digitaline gives a fine red coloration, as does also digi- 
taleine, but not digitoxine. Fundamentally, the reaction is produced 
by the sug^r liberated from the glucoside ; hence, it is also obtained 
with other glucosides, with sugar, and with furfural. 

11. Trapp's reaction When digitaline (no further differentia- 
tion is indicated) is treated with 5 c.c. of water, the same amount of 
phosphomolyhdic acid solution added, and the mixture heated on the 
water bath until a green coloration appears, and then cooled and 
treated with ammonium chloride, a blue coloration is produced. If 
the liquid is then again heated on the water bath, it is decolorised. 
The reaction is also given by many other substances, as, for example, 
saponine, morphine, heroine, strychnine, aniline hydrochloride, 
phenacetin, etc, (C. Binz^). 

12. A drop of a fairly concentrated solution of cohaUous nitrate is 
placed on an object glass and allowed to evaporate at a gentle heat, 
until a deep blue coloration is produced. If this residue is moistened 
with glacial acetic acid, rubbed with digitor^ne, and the moist mats 
allowed to stand, it becomes hygroscopic, and again assumes tlfe red 
colour of cobaltous nitrate. After standing for 24“' to 36 hours 
exposed to the air, large well-formed pink crystals separate from the 
deliquescent mass ; \^en examined under a moderate magnification 
^hese are seen to consist of transparent hexagons (C. Reici^ard ®). 

ft. The most important test for digitalis poi^ning is a physio- 
logical experiment. Digitalis cardiac poisons, when subcutaneously 

1 Zeitsch. av^ Chem., 88, 641 (1899). 

* Zeitsch. dfentl. 5, 361 (1899). 

> Ann,d,Cherfi.^52,\iO(imi 

* Zeitsch. amU. Chem.^ 45, 144 and 786 (1906), 

» /Wd.,66, y§tl917). 
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injected in aqueous solution inlb a £rog» cause, even in a dose of 
abouji 1 mgrm., retardation of the action of the heart, and arrest of 
the heart in systole, i.e. stoppage during a contraction phase of the 
heart’s pulsation. 

Sec. 227. 

3. Picrotoxine, C 30 H 34 O 13 . 

1. Picrotoxine is the poisonous principle of Cocculm indicuSf the 

‘seeds of the so-called Indian berry, Anamirta panioulata {Nat. Ord. 
Menispermacece). It is not an individual chemical substance, but a 
complex — ^probably mixed crystals — of two substances which 
crystallise together — picrotoxine^ picrotine, 

■(Meyer i) — ^and may be dissociated by treatment with benzene, and 
still more readily with chloroform (E. Schmidt 2). Picrotoxine has 
a poisonous action, and is the main representative of the so-called 
“ brain-convulsion poisons.” The toxic action is associated with 
the picrotoxinine group ; picrotine is not poisonous. Picrotoxinine 
is stated to show all the chemical reactions of picrotoxine. 

Picrotoxine crystallises in colourless needles usually grouped into 
stars. It is odourless and has a neutral reaction, but has a very 
bitter taste. It is soluble in 350 parts of water at 20°, and in 25 
parts of hot water. On cooling or evaporating its aqueous solution,, 
it crystallises in needles. It dissolves readily in hot alcohol. A 
concentrated solution forms a lustrous^ mass on cooling, whilst 
dilute solutions leave lustrous needles when evaporated. Picro- 
toxine dissolves with difficulty in ether and chloroform, but fairly 
readily in amyl alcohol and glacial acetic acid. Picrotoxine is 
extracted from its acidified aqueous solutions by shaking with ether, 
chloroform, or amyl alcohol (but not with benzene or petroleum 
spirit). On tfie other hafid, it is only extracted in traces from alkaline 
solutions by ether, chloroform, or amyl alcohol. On evaporating 
the ethereal solution the^ picrotoxine is left in the form of a powder 
or crystalline scales.** It is Isevo-rotatory : [a]D=about —30° (in 
alcoholic solytion). It melts at 199°-200°, jfnd on melting yields 
inflammable vapours. r < 

2. Acids do net neutralise picrotoxine ; nor, with the exception 
of acetic acid, do they increase its solubility in water. 

3. Potassium hydroxide, sodium hydroxide, and amnmnia solutions 
dissolve picrotoidne abundantly. Acids, including carbon dioxide, 

» Ber., 7,*i6 (1897). “ * ^ ^ 

> Arm. d. Chem,, 222, 340; (1884). 
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re-precipitate it from freshly-prepated solutions. Alkaline solutions 
of picrotoxine gradually change, even at the ordinary temperature ; 
when heated they become yellow to yellowish-brown. 

4. On treating picrotoxine with concentrated sulphuric acid it 
dissolves, forming a saffron-yellow solution ; on now adding a trace 
of 'potassium dichromate, a violet-red coloration, changing finally 
to apple-green, is produced (Kohler). Frohde's reagent (Sec. 213, 11) 
acts upon picrotoxine in the same way as concentrated sulphuric acid. 

5. When picrotoxine is moistened with a little concentrated nitric 
acid, the mixture heated on the water bath until dry, and the 
residue moistened with the smallest possible quantity of concentrated 
sulphuric acid, and then treated with an excess of strong sodium 
hydroxide solution, a brick-red coloration is produced. A faint 
reaction is obtained even with 0*1 mgrm. The colour gradually 
disappears (Langley, i Dragendorff). 

6. A solution of ammonium vanadate in concentrated sulphuric acid 
(1 : 100) gives a faint brown coloration with picrotoxine. The colour 
gradually darkens and, after a considerable time, becomes dark green. 

7. Freshly-precipitated lead hydroxide, when shaken for a con- 
siderable time with an aqueous or alcoholic solution of picrotoxine, 
extracts the whole of the picrotoxine. The compound, separated 
by filtration, pressed between filter paper, and then treated with 
concentrated sulphuric acid, becomes first yellow, then, on standing 
for some time, yellowish-red, and, after moderate heating, violet- 
red (Palm). Picrotoxine is precipitated by lead acetate from an 
ammoniacal solution. 

8. Slightly alkaline solutions of picrotoxine reduce Fehling^s 

solution, on heating, with the separation of red cuprous oxide, and 
reduce ammoniacal silver nitrate solution (Sec. 225, 8), with the 
separation of brown to black metallic silver. • 

9. On heating a trace of picrotoxine with a few drops of sodium 
hydroxide solution to boiling-point, and then adding ioiim-potassium 
iodide solution, drop by drop, iodoform is prejipHated. This reaction 
depends upon the fa(jjj that acetone is liberated from picrotoxine 
^ielischS). 

1(5. If one or two drops of a freshly-prepared 29^er cen!. solution 
qt henzaldehyde in absolute alcohol are dropped on to a trace of picro- 
toxine, and a drop of pure concentrated sulphuric acid is carefully 
added, the picrotoxine b^mes distinctly red, and, on shaking the 

,, 1 Zeitsch,&idU. Ohem., 8 , 494 (1863). 

« Ber„ 45,^3«56 (1912). 
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mixture, red streaks are formed ^lirough the liquid, proceeding from 
the spot where the picrotoxine was placed. A blank test with benzal- 
dehyde and sulphuric acid must not be omitted (H. Melzer i). 
Cholesterol and phytosterol behave like picrotoxine benzaldehyde 
(H. Kreis 2). On adding a drop of a 20 per cent, solution of anisalde- 
hyde in absolute alcohol to a solution of picrotoxine in concentrated 
suphuric acid, after the appearance of the saffron coloration in (4), 
the granules of the substance will be surrounded by an indigo -violet 
zone, gradually becoming blue. 

11. Iodine in ‘potassium iodide solution, platinum chloride, gold 
chloride, picric acid, and tannic acid do not precipitate picrotoxine 
from its solutions.^ 

12. Owing to the absence of any especialljr characteristic reactions 
for picrotoxine, a physiological test is of predominant importance in 
forensic cases. It is made by placing small fishes in a tap-water 
solution of the suspected substance separated in the course of 
examination. If picrotoxine is present the fishes die after showing 
characteristic phenomena. 

D. Systematic Course for the Detection of the Alkaloids 

DESCRIBED, AND ALSO OP SaLICINE, DiGITALINE, AND PICRO- 
TOXINE. 

In the following outline it is assumed that in the analytical 
course described in (a) and (h) one or more of the non-volatile alkaloids, 
etc., described has been obtained in aqueous solution by means of 
an acid, and that the solution is free from foreign substances which 
could mask or otherwise influence the reactions. Subsequently, in 
(c) the most suitable methods are described for eliminating the 
disturbing influence of colouring matters or extractive substances, 
and lastly, t^e volalile^^alkaloids are also taken into consideration. 
By tiis means a knowledge will have been acquired of the methods 
to be used in ?he forensiq examination of food, drugs, vomit, contents 
of the stomach, cadaveric remains, etc., in which not only is the 
presence of the above-mentioned disturbingo foreign substances 1;o 
be reckoned with, but the possibility of the presence of a far great^T 
number of poisotis than those described in^Secs. 210 to 229 must 
also be taken into consideration. 

I ZeiUch. ami Chem., 87, 361, 747 (1898). 

« Chem. Zeil, 28, 21 (1899). 

* With regard to other rea<kionB of picrotoiine, c/. 0. Reiohard, Zeitsch, amt, 
OAern., 52/690(1913). 
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(d) Deteciion of the ajte^Jied dkaloi^ solutions 

in which only one of them is assumed to he f resent. a 

Sec. 228. 

1 . A portion of the solution is acidified with a drop of dilute sulphuric 

acid, and treated with a potassium iodide solution of iodine or 
with phosphomolybdic acid solution. 

(а) No precipitate is formed. The absence of all alkaloids is 
indicated. Salicine, digitaline, and picrotoxine may possibly 
be present. The analysis is continued at 5. 

(б) A precipitate is formed. There is reason to conclude that an 

alkaloid is present. The analysis is continued at 2. 

2. A portion of the aqueous solution is treated, drop by drop, with 

dilute potassium or sodium hydroxide solution, until the liquid 
is only just alkaline, then stirred and allowed to stand for some 
time. 

(а) No precipitate is formed. This indicates with certainty the 
absence of all alkaloids if the solution was concentrated ; 
if, however, it was somewhat dilute, it may also remain 
clear in the presence of atropine. Further portions of the 
solution are, therefore, tested for atropine (if necessary 
after concentration by evaporation) by means of Vitali’s 
reaction, and by heating it with sulphuric acid, or by means 
of gold chloride (Sec. 223, 6, 7, and 9). 

(б) A precipitate is formed. Sufficient potassium or sodium 
hydroxide is added, drop by drop, to render the liquid 
strongly alkaline, and if this does not cause it to become 
clear, even on standing for a considerable time, additional 
water is added. 

(a) The precipitate disajypears. Tl^s indicatFJB morphine? 
cocaine, or atropine. A fresh portion of the solution 
is tested with iodic acid (Sec. 213, 18). • 

(oa) Iodine is liberated. MorpJ^in»is indicated. Con- 
firmatory tests are made as in Sec. 213, 7, 9, 11, 12, 
and 14. ^ ■ 

(bb) No iodine is liberated. Cocain^ or atropine is 
indicated. Tests for the former are made by 
decomposition with sulphuric acid, and by pre* 
cipitatioh from^ slightly acid solution by means 
of potassium chromate (See. 214, 7 and 11), and for 
atropine a^in (a). ® 

* 58 
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(j3) The precipUate doe^ not disappear. This indicates an , 
alkaloid of the second or third group (with the exception 
of atropine). The analysis is continued at 3. 

3. A second portion of the original solution is treated with 2 or 3 

drops of dilute sulphuric acid, and then with saturated sodium 
hydrogen carbonate solution, until the acid reaction just dis- 
appears. The sides of the vessel below the liquid are then 
vigoroiisly rubbed, and the mixture allowed to stand for half an 
hour. 

(a) No precipitate is formed. The absence of narcotine and 
cinchonine is indicated. The analysis is continued at 4. 

{b) A precipitate is for'ined. This indicates the presence of 
narcotine or cinchonine, and possibly quinine (the precipita- 
bility of which by sodium hydroghn carbonate is entirely 
dependent on the state of dilution). A small portion of 
the original solution is treated with excess of ammonia, 
and then shaken with not too small a quantity of ether 
containing about 2 per cent, of alcohol. 

(a) The precipitate first formed is dissolved by the ether, atid 
two clear layers are obtained. Narcotine or quinine is 
present. They may be differentiated by testing a 
fresh portion of the original solution with chlorine water 
and ammonia (Sec. 216, 9, and Sec. 217, 9). If the 
solution becomes yellowish-red, it contains narcotine ; 
if green, quinine is present. As a confirmatory test 
of the presence of narcotine, Erdmann’s reagent is 
used (Sec. 216, 6), whilst the herapathite reaction 
is used for the identification of quinine (Sec. 217, 
11 ). 

(j3) f'JHie precij^ate first fortved does not dissolve in the ether. 
Cinchonine is present. Confirmation is obtained by 
, determining its behavohu: on heating (Sec. 218, 2)> or 
on treetmbnt with potassium ferrocyanide (Sec. 218, 
10 ). ■* 

4. A small portion of the original substance, or of the dry residue 
. left on evaporation of the solution, is bxpught into contact witil 

concentrated sulphuric acid on a clock-glass. 

(a) A colourless or faint pink solution is obtained, which becomes 
bright red on the addition of nitric acid. Brucvne is 
indicated. Con^rmation is ,aSorded by the reaction with 
onitric «cid and stannous chloyidS (Sec. 221, 6). 
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(h) A yellow sohition, gradu^y changing to yellowish-ied, 
blood-red, and purple-red, is obtained. Veratrine is indi- 
cated. For conhmiation, the test with sugar is applied 
(Sec. 222, 9). 

(c) A solution which remains colourless, even after some minutes, 
is obtained. If, on the addition of a granule of potassium 
dichromate, a deep bluish-violet coloration is produced, 
strychnine is indicated ; if no change takes place, quinine is 
indicated. In the latter case confirmation is obtained by 
the thalleioquin reaction (Sec. 217, 9). 

6. To ascertain whether the original solution contains salicine, 
digitaline, or picrotoxine, a portion of the original dry substance, 
or of the dry residue left on evaporation of the solution, is 
treated with concenfrated sulphuric acid. 

(а) The substance dissolves, forming a saffron-yellow solution ; 

on adding a trace of potassium dichromate a violet-red, 
and finally an apple-green coloration is produced. Picro- 
toxine is indicated. Confirmatory tests are made with 
nitric acid and sodium hydroxide solution (Sec. 227, 6) 
and with benzaldehyde (Sec. 227, 10). 

(б) The substance immediately becomes blood-red, and is 

slowly dissolved, forming a red solution. Salicine, and also 
digitalis glucosides, may be present. 

(a) A fresh portion of the original substance is tested for 
salicine, by converting it into salicylic aldehyde, as in 
Sec. 225, 4. 

(j3) Kiliani’s reaction with sulphuric acid containing iron 
(Sec. 226, 7) and with glacial acetic acid (Sec. 226, 8) 
is applied. Digitalis preparations containing digi- 
toxine may thus be recognised ^ the rea^ctive colourr 
reactions. If no coloration is produced, digitqpine 
may be present; a test for it is mad§ as in Seo» 
226, 12. • , 

(c) The substance dissolves, forming a reddish-brown solution, 
the colour gf which changes to violet on the Edition of a 
drop of brominj? solution (Sec. 226, 5). kiigualin/fprepara^ 
tion is probably present ; the reaction may also be pro- 
duced by salicine and other substances. In this case, 
therefore, tests are also i^ade as in (6), (a) and (j3). « 
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(h) Detection of the specified nin-volatile alkaloids ^ etc.y tn aqueous 
solutions in which several or aU of them may possibly he present. 

Sec. 229. 

1. The solution is rendered distinctly but not strongly acid with 

hydrochloric acid, shaken with one half to an equal volume of 
freshly rectified pure ether free from alcohol, and the ethereal 
extract separated from the aqueous layer, and allowed to evapo- 
rate in a glass dish. 

(a) No residue is left True digitaline and picrotoxine are 
absent. The analysis is continued at 2. 

(b) A residue is left. The presence of true digitaline or of picro- 

toxine may be inferred. The shaking of the aqueous layer 
with ether is repeated, in order to extract as completely as 
possible anything soluble in the latter, and the ethereal 
extract separated and allowed to evaporate. The aqueous 
layer is treated as in 2, whilst the residue from the ethereal 
extract, which may also contain traces of atropine, is 
treated as follows : 

(a) A portion is dissolved in alcohol, and the solution 
allowed to evaporate. The formation of long lustrous 
needles radiating from a point indicates the presence of 
picrotoxine. Confirmation is obtained by the reactions 
given in Sec. 227, and especially the behaviour of the 
substance towards benzaldehyde (Sec. ‘227, 10). 

(jS) A portion is tested for true digitaline by means of sul* 
phuric acid containing iron (Sec. 226, 7). 

(y) The most certain method of detecting traces of atropine 
is to determine whether the aqueous solution of the 
^ ^’•esidue has an enlarging effect upon the pupil of the eye. 

< Vitali’s reaction (Sec. 223, 6) may also be applied. 

2. The hydrochloric acid liquid separated after the extraction with 

ether is shaken wffch chloroform, and the chloroform extract 
filtered through a small filter moistened with chloroform, and 
evaporaTied at a moderate temperature. 

(а) No residue is left. Narcotine, digitoxine, and true digitaliffe 
are absent. The analysis is continued at 3. 

(б) A residue is left. The shaking with chloroform is repeated, 
« so as to extract everything solubb therein from the aqueous 

layer. The latter is separated and treated as in 3. The 
rchloroferm extracts are uni^^d' and filtered, the filtrate 
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evaporated, and the residife taken up with a small amount 
of water acidified with hydrochloric acid. Any insoluble 
residue left may be digitoxine or true digitaline ; the liquid 
is filtered, and the residue tested in the same way as the 
residue from the chloroform solution in the following 
paragraph (a). The hydrochloric acid solution is rendered 
distinctly alkaline with potassium hydroxide solution. 

(a) No precipitate is formed. Narcotine is absent. The 
solution is shaken with chloroform, the chloroform 
extract evaporated, and the residue tested for digi- 
toxine and true digitaline by Keller and Kiliani’s reaction 
(Sec. 226, 9). 

(j3) A precipitate is formed. The presence of narcotine 
is indicated. 

(aa) The precipitate is filtered off, slightly washed, 
and dissolved in chloroform, and the chloroform 
evaporated. Confirmatory tests for narcotine are 
made as in Sec. 216, 6 and 9. 

(j3j8) The filtrate from the precipitate is shaken wit^ 
chloroform, and the chloroform extract evaporated. 
If any residue is left, it is tested for digitoxine and 
true digitaline as in (a). 

3. A portion of the residual hydrochloric acid liquid left after the 

shaking with chloroform in 2 is treated with a potassium iodide 
solution of iodine, and another portion is treated with phos- 
phomolybdic acid. 

{a) Precipitates are produced by these reagents. The presence of 
alkaloids is indicated. The analysis is continued at 4. 

{b) No precipitates are formed. Alkaloids are absent. The 
liquid is examined for salicine at 7.* 

4, A small portion of the aqueous liquid left after the eirtraction^with 

chloroform in 2 is rendered just alkaliije with sodium or potas- 
sium hydroxide, a note taken whether^ precipitate is formed, 
a large excess of 4he alkali hydroxide solution adj^ed, and the 
liquid allowed to stand for a considerable time, »nd then 
diluted with a little water. • 

(a) No precipitate is produced by potassium or sodium hydroxide 
solution, or any precipitate formed redissolves. This indi- 
cates the presence of atropine, morphine, or cocaine, and 
the absence of all ofher alkaloi(ft. A fre^ portion of the 
•eutralised aqueafis^ solution ij treated with excess of 
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sodium or potassium fydrogen carbonate solution, stirred, 

" and allowed to stand for some time. 

(a) No precipitate is formed. Morphine is absent. A 
portion of the aqueous liquid is treated with excess of 
alkali hydroxide solution (with which it will remain 
clear or become clear again), and shaken with ether, 
and the ethereal extract evaporated to see whether it 
leaves a residue of atropine (Sec. 223, 6, 7, and 9). 
Another portion of the original still acid liquid is 
shaken with amyl alcohol, and the extract evaporated 
to see whether it leaves a residue of cocaine (Sec. 214, 
11 and 18). 

(j5) A precipitate is formed. The ^ presence of morphine is 
indicated. The liquid is filtered from the precipitate, 
which is further examined as in Sec. 213, 7, 9, 11, 12, 
and 18. In testing for atropine and cocaine, how- 
ever, fresh portions of the original still acid liquid, 
which has been shaken with ether as in (a), are 
used. 

(6) A precipitate is produced hy sodium or potassium hydroxide, 
which does not dissolve in excess of the precipitant, even after 
standing for some time and moderate dilution. The greater 
portion of the residual acid aqueous solution left from the 
extraction with chloroform (in 2) is also treated with 
alkali hydroxide solution, and the precipitate filtered off, 
and treated as in 5. The alkaline filtrate is shaken with 
ether, allowed to stand for an hour (so that morphine, 
which dissolves at first in the ether, may separate again 
as ^completely as possible), the ethereal layer separated 
from the aqfieous layer and evaporated, and the residue 
tested for atropine as in Sec. 213, 6, 7, 9 ; any morphine in 
the alkaline <»queous layer is then precipitated by the 
introduction 'of carbon dioxide (Sec. 213, 4). Further 
tepts are made according to Sec. 2'i.3, 7, 9, 11, 12, and 18. 

0 In testing for cocaine a fresh portion of the origii^?>l aeid 
liquid L shaken with amyl alcohof(see (a) (a)). 

5. The precipitate obtained in 4 (6) is filtered off, washed with cold 
^ water, and dissolved in dilute sulphqric acid, so that the solution 
contains a sight excess of acid^ and the liquid rendered just 
alkaline w|j}h sodium hydrogen wbonate ejlution, vigc^pously 
shaken, and allowed, to stand for aff hour. ^ 
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(а) No predpitaie is formM. Cinchonine ia absent. The 
solution is boiled until evaporated almost to dryn^, and 
the residue is taken up with cold water. If nothing remains 
undissolved, the analysis is continued at 7. If, however, 
there is an insoluble residue, it is tested as in 6 for quinine 
(a small quantity of which might be present), and for strych- 
nine, brucine, and veratrine. 

(б) A predpUate is formed. This may contain cinchonine and 
also quinine (Sec. 228, 3 (h)). The liquid is filtered, 
the filtrate treated as in 5 (a), and the precipitate as 
follows : — 

. It is washed with cold water and dissolved in a little 
hydrochloric ^cid, and the solution treated with excess of 
ammonia, and then with not too small a quantity of ether 
containing 2 per cent, alcohol. 

(a) The precipitate produced dissolves completely in the 
ether ^ so that two clear layers are formed. This indicates 
the absence of cinchonine and the presence of quinine. 
As a confirmatory test, the ethereal solution is evapo- 
rated, the residue dissolved in hydrochloric acid, and 
the thalleioquin reaction applied (Sec. 217, 9). 

(^) The precipitate produced does not dissolve or only dis- 
solves incompletely in ether. Cinchonine (and possibly 
also quinine) is present. The liquid is filtered, and the 
filtrate evaporated to dryness. If a residue is left, 
it is dissolved in hydrochloric acid, and tested for ' 
quinine by means of the thalleioquin reaction (Sec. 
217, 9), The precipitate is cinchonine, and may be 
further examined as in Sec. 218, 10. 

6. The residue, insoluble in water, obtained in 5 (a) by evaporating 
the liquid which was treated with sodium carbonate, is %a8hed 
with water, and tested for quinine (a spiall quantity of which may 
be present), strychnine, brucine, and jrerffbrine as follows : — 

It is dried en the water bath, and digested with absolute 
^ alcohol. ^ 

(u) It dissolves completely. This indicati^ the absence of 
strychnine and the presence of (quinme) brucine or vera- 
trine. For the identification of these the alcoholic solutioh 
is evaporated Co dryness on the water bath, and, if qtiinine 
has already be^fl detected, the residue is divided into two 
• parts, one of tested for brucine '6j meafts of nitifo 
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acid and stannous oblinde* (See. 221, 6), whilst the other 
is tested for veratrine by means of concentrated sulphuric 
acid (Sec. 222, 7). If, on the other hand, quinine has not 
yet been found, the residue is divided into three parts, a, h, 
and c, and a and h tested respectively for brucine and vera- 
trine as described, whilst c is tested for quinine by means of 
chlorine water and ammonia. In the presence of brucine, 
however, c must be treated with absolute ether, the result- 
ing ethereal solution evaporated, and the residue tested 
for quinine. 

(6) It does not dissolve, or at all events not completely. The 
presence of strychnine, and possibly also of (quinine) brucine 
and veratrine, is indicated. ‘ The lic^uid is filtered, and tests 
for (quinine) brucine and veratrine applied to the filtrate 
as in 6 (a), whilst as a confirmatory test the precipitate is 
tested with sulphuric acid and potassium dichromate 
(Sec. 220, 8). 

7. It still remains to test for For this purpose the remainder 

of the acid aqueous solution (2), which was shaken with chloro- 
form, is treated with a little more hydrochloric acid, and boiled 
for some time. If no precipitate is formed, the absence of 
salicine is indicated, whilst the formation of a precipitate shows 
that it is present. Confirniation is obtained by boiling the 
liquid with a little potassium dichromate (Sec. 225, 4), and by 
testing the original substance with concentrated sulphuric acid 
(Sec. 225, 3). 


(c) Detection of alkaloids in food, cadaveric remains, and the like. 

' The detects jn of poif^ons in food, in the contents of a stomach, 
cadaveric remains, etc., is very much more difficult than under the 
conditions hitherto assumed to be present, for there is no simple 
method of definitely deciding by means of a preliminary test whether 
or no poison is present. Hence, in all cases it w necessary to attempt 
to separate any poison which may be present from the mucilagi^^pus,^ 
extractive, and colouring substances which' accompany it in the 
material imder examination, before it is possible to ascertain which 
specific poison is present. 

I<<i the following sections we give outlines of difierent methods 
which may be used for separating alkaloids from qther substances 
. and for dr 3 dng them. We restrict ourscl,ye8, however, in46eo. 230 
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to the alkaloids desiisribed in this ik)ok, with the addition of picro- ' 
tozine and true digitaline.^ 

This scheme is therefore particularly suitable for a practical 
introduction to such examinations, but it is only exceptionally suf- 
ficiently comprehensive to be applicable to the detection of poison? 
m actual cases, i.e. in chemical forensic investigations, because, on 
the one hand, it does not deal with all the poisons possibly present, 
and on the other, does not take into consideration the ptomaines 
which may be present in cadaveric remains, etc., and may be mis- 
taken for alkaloids. 

Hence, if the case is not so simple that the examination may bo 
restricted to the alkaloids of more frequent occurrence, special 
works which take into^consideration all the above-mentioned points 
mush be consulted in chemical forensic investigations of this kind.® 

In order to give some idea of the methods of examination to be 
used in such cases, we give at the end of Sec. 230, and in Secs. 231 to 
233, a few general details of the process. 

Sec; 230; 

1. J. S. Stas’® Method of detecting Poisonous Alkaloids* also 
True Digitaline and Picrotoxine, modified by J. and R. Otto.^ 

Stas’ method is based upon the following principles : — 

(a) Acid salts of alkaloids are soluble in water and alcohol. 
(j3) Neutral and acid salts of alkaloids are mostly insoluble 

^ The consideration of the other digitalis glucoaides is omitted, because 
otherwise the course of the examination would be rendered infinitely more 
complicated. 

* In particular the following may be mentioned ; Fr. Jul Otto, ArUeitung 
zur AirnnittduThg der Oifte^ 7th ed., revised by R. Otto, Braunschweig, 1896, 

G. Dragendorff, Beitrdge zur gerichUichen Chemie eimelner organischer Qifk, 
Gottingen, 1872 ; Beitrdge zur gerichUichen Ghemie, Petrograd, 1884 ; Ar<^. d, 
Pharm,, 233, 612 (1896), and 234, 66 and 81 (1896) ; OerichUich^chemi^ 
Ermittdung von Oiften^ 4th ed,, Gottingen, 1896e(no new duition publish^). 

P. L. Sonnensohein, Handhuch der gerichUichen Chemie^ 2nd ed., revised by A. 
Classen, Berlin, 1881. L, Lewin, Lehrhuch der Toxikohgie, Vienna and Leipzig, 
1897, R. -Robert, Lehrhuch der Intoxikationen,2 vols., Stuttgart, 1906. 0. 
Kippenberger, OrundUagen fUr den Nachweia von Uiftat§ffen hei geric^ich-chem^ 
iachen Unterauchungen^ Berlin, 1897. G. Baumerf, M. Denn8tedt,and P. Voigt* 
Under, Lehrhuch d^ geriahtlichen Chemie, 2 vols., Braunschweig, 1906 to 1907, 

J. Gadamer, Lehrhuch der chemiachen Toxikologie und Anleitvng zur Ausmittdunq 
^der (Hfte, GOttingen, 1909 W. Autenrieth, Die Auffind^ng cer Offte und ataeh 
wirkenden Arzneiaioffe, 4th ed., TUbingen, 1909. C. €psen, Der chemiacl^ . 
Oiftnachvjeia, Wiesbaden, 1914. With regard to pUmainea, cf. the oompiehen- 
sive statements of Otto on pp. 100 to 118 of his book mentipned above, and thoset 
on pp. 631 to 662 of Gadamer’s book. ] 

« BuU,del*Acad,MedLBelg„2,mfJahrb.praH.Pharm.,Zi,miJal^eaar;. 
von Lieibig and KoWt 1861, 6401 • I ' 

V Ann. d. Chem, 100, 44 ;*Pr^Jul. Otto, ArUeitung zur AiumitiUUuw der 
7to ed„ raised by R, Otto, pp .*118 et aeq., Bi^rvuiischweig. ^ ' 
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in ether. Hence, ^the fdkaloid salts do not, as a rule, 
f pass into the ethereal solution when neutral or acid 
solutions are shaken with ether, and consequently the 
alkaloids pass into the aqueous solution as acid sul- 
phuric acid salts when the ethereal solution of pure 
alkaloids is shaken with dilute sulphuric acid. 

(y) If aqueous solutions containing neutral or acid salts 
of the alkaloids are treated with pure alkali carbonates, 
or alkali hydrogen carbonates, the alkaloids are libe- 
rated, and if then shaken with ether or amyl alcohol, 
the pure alkaloids pass into the ethereal or amyl alcohol 
solutions respectively. 

The few exceptions to these general principles may 
be gathered from the following remarks : — 

(rt) If the alkaloid is to be detected in the contents of a stomach 
or intestine, in food, or pasty substances generally, these 
are heated beneath a reflux condenser at 70°-79° with 
twice their volume by weight of strong pure alcohol 
(previously rectified over tartaric acid), sufficient tartaric 
acid being added to give the liquid a distinctly acid reaction 
(a greater excess must be avoided). When quite cold, the 
mixture is filtered, and anything that has remained undis- 
solved washed with strong pure alcohol. 

If the bases are to be detected in the heart, liver, lungs, ^ 
or similar organs, these should be cut up into small pieces, 
digested with alcohol which has been acidified in the manner 
described above, and pressed, and this treatment repeated 
until everything soluble has been extracted ; the combined 
liquids, when absolutely cold, are filtered. 

(6) The Alcoholic liquids are now concentrated by evaporation 
" at a low temperature. This can be done in a porcelain 
dish^bn the wafer bath, the water of which is not allowed 
to exceed hbout 80°. The temperature of the contents 
of t^e dish will then not exceed 40^t50°. If it is desired 
to keep the temperature still lower, the evaporatipn if 
accelerated as much as possible b/ blowing air diagonally 
on to the surface of the liquid. According to Stas the 
temperature should not exceed 35°. He therefore suggests 
carrying out the evaporation in a desiccator over sulphurio 
acid, with or with(hit the aid o\ & T^acuum, ^r else in a r^rt, 
^rough^the tubulure of whichls^ current of air is introduced, 
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Snch a precaution, hoover, is only necessary under 
exceptional conditions, and in any case the main^ quantity 
of the liquid may first be evaporated on a moderately 
heated water bath. 

If, in the evaporation, insoluble substances, fat, etc., 
separate (which is generally the case), the solution freed 
from alcohol by evaporation is filtered through a filter 
moistened with water, and the filtrate, together with the 
washings, evaporated by one of the methods described above, 
until it is of the consistency of an extract. If no insoluble 
substances separate on the evaporation of the alcoholic 
liquid, the evaporation to such consistency may be effected 
beforehand. # 

(c) The residue from the evaporation is treated with successive 

small quantities of cold absolute alcohol, to effect complete 
extraction, thoroughly mixed, and finally a large amount 
of alcohol added, in order that everything precipitable in 
it may separate. The alcoholic extract is jSJtered through 
a filter moistened with alcohol, the residue washed with 
cold alcohol, the alcoholic solution allowed to evaporate 
at not too high a temperature (vide supra), the residual 
acid residue taken up with a little water, and the acid 
solution shaken with ether (after the greater portion of 
the free acid has been neutralised with dilute sodium 
hydroxide solution), so that the reaction is slightly but 
distinctly acid. The ethereal layer is separated from the 
aqueous layer by means of a separating funnel or a burette 
provided with a glass tap, the acid aqueous solution 
repeated by shaken with ether until the last ethereal extracts 
appear colourless. In this proems it is better to use a cylin- 
drical rather than the ordinary globular separating funnel. 

Of the alkaloids, etc., under consideration here, the 
ether extracts, apart from colouring* substances, picrotoxine 
and true digitaline, and also traces of vei^trine and atro- 
pine. It is advisable to reserve the first strongly coloured 
and the last less strongly coloured ethereal solutions for 
further examination (cf. (h)). 

(d) The aqueous ^jpeid solution, separated from the ether, U 
gently heated, in order to free it from the still dissolved 
ether^ and then ^carefully treated witjh sodium hydroxide 
solution until# furmerio papqf becomes deciAdly broiWt 
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The alkaloids ate thus lilfeiated, and any morphine present 
r dissolves in the excess of sodium hydroxide solution. The 
alkaline liquid is shaken with pure ether and, after an hour, 
the ethereal extracts separated from the aqueous liquid 
as in (c). The ethereal extract now contains all the alkaloids 
present, with the exception of morphine, only a small 
portion of which passes into the ethereal solution. The 
quantity is smaller the more completely the acid aqeuous 
solution was freed from the ether dissolved in it, and the 
longer the time that elapsed between the shaking with 
ether and the separation of the ethereal layer from the 
aqueous liquid. A portion of the ethereal extract is next 
allowed to evaporate on a large clock-glass, which is placed 
on a surface heated to 20° or 30°, in order to prevent con- 
densation of water. If no residue is left, no alkaloid has 
dissolved in the ethereal solution, and the process is con- 
tinued at (g ) ; if, however, a residue does remain, numerous 
conclusions may be drawn from its character. In particular, 
oily streaks on the clock-glass, which gradually agglomerate 
to form a drop, and which on heating emit an unpleasant 
penetrating and suffocating odour, point to a liquid volatile 
alkaloid, whereas a solid residue, or a turbid liquid in which 
solid particles are suspended, lead to the assumption that 
a non-volatile solid alkaloid is present. First of all, the 
aqueous solution, rendered alkaline, is again shaken with 
a fairly large quantity of ether (provided the ethereal 
extract yielded a residue) until a sample of the last ethereal 
extract no longer leaves a residue on evaporation. The 
combined ethereal extracts are then evaporated in a small 
glass d&h on the 'i^ater bath (containing water at about 30°), 
and as the liquid evaporates the dish is repeatedly filled up . 

Thb aqueous alkaline solution, which contains any 
morphine thht may be present, is separated from the 
ethereal extracts and examined as in (^). 

(e) If t-he acid aqueous solution has been thoroughly and com- 
pletely ex4acted with ether in (c), the alkaloids are left in 
so pure a condition after evaporating the ethereal extract 
obtained in (d) that the residue may be used directly for 
the purpose of tests. In* particular, the portions which 
remain in the deepest part of tffe'dish are-*purer than the 
rfiigs formed above it. If the f^^ue is left in oil)|j streaks 
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or drops, the dish is hnall^iplaced in a vacuum over sulphuric 
acid, in order to remove the last portions of ether and 
ammonia, and the residue tested for coniine and nicotine . 
as in Sec. 212. If it is crystalline, it is examined under the 
microscope, and then tested as in Sec. 228 or 229, provided 
the characteristics of the crystals do not justify a direct 
test for a definite alkaloid. It must be noted, however, that, 
if all the extractions in Sec. 229 were not carried out, tests 
for narcotine must be applied in another place than that 
chosen in Sec. 229 when the course of extraction selected 
here is used. It may be found with the quinine in the 
ethereal solution of Sec. 229, 5 (b) (a). This ethereal 
solution is evaporated, and the residue taken up with a 
little hydrocfioric acid and sufficient water to dilute the 
liquid to at least 1 : 200 ; sodium hydrogen carbonate is 
then added until the reaction is neutral, and the liquid 
allowed to stand for some time. A precipitate indicates 
narcotine ; confirmation may be obtained as in Sec. 216, 

6 and 9. The liquid, still clear or else filtered from the 
precipitate, is evaporated to dryness, and treated with water. 
Any undissolved particles left are dissolved in hydro- 
chloric acid and tested for quinine by means of the thalleio- 
quin reaction (Sec. 217, 9). 

If the residue left on the evaporation of the ethereal 
extract obtained in (d) does not form oily streaks or distinct 
crystals, but amorphous rings (which may happen if the 
evaporation was carried out too rapidly with the aid 
heat), they are dissolved in a little warm absolute alcohol, 
the solution slowly evaporated, and note taken whether 
small crystals are then formed, ^nd the tj^atment of the 
residue continued as described above. • 

(/) If, however, the acid aqueous liquid was iiot completely 
extracted with ether in (c), the Residue obtained on 
evaporating the ethereal eirtract derived from the alkaline 
solution wm often not be sufficiently pure tb be su]bjecte<f 
to direct examination. In that case# it is dissolved in 
water (acidified with a little sulphurio^cid), the solution 
filtered if Lecessary, and the acid filtrate shaken repeatejl;^ 
with ether, ('^he etl^preal solution thus obtained* ma^ 
contain the remaiiid^er of the tri^'^ digitaline and picrotoxin^ / 

and should be eii^ined as in (A) in thersame tj^y as tha| 

• t' 
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obtained in (o).) The |gueous solution (after it has been 
freed from dissolved ether by gentle heating) is next 
< ' treated with a considerable excess of potassium or sodium 
hydroxide, and repeatedly shaken with ether (the pre- 
cautionary measures mentioned in {d) being observed) 
until the last extract no longer leaves a residue on evapora- 
tion. The ethereal extracts are evaporated as described 
in (d), and the alkaloid residue, now pure, treated as in 
(e),i whilst the aqueous alkaline solution, which may contain 
traces of morphine, is combined with that obtained in (d). 
(^f) The aqueous alkaline liquid obtained in (d) or in (d) and (/), 
in which all or the greater part of any morphine present must 
be contained, is freed by gentle heating from the ether 
dissolved in it, and treated, first ^th hydrochloric acid 
until the reaction is acid, then with an excess of ammonia, 
and directly afterwards with freshly-rectified pure amyl 
alcohol,^ and then shaken. Since morphine dissolves more 
readily in hot than in cold amyl alcohol, it is advisable to 
heat the solution by dipping the flask in hot water, then 
to add the amyl alcohol, to close the flask, to shake it 
(lifting the stopper occasionally), and to pour the whole 
contents of the flask into a separating funnel. After the 
layer of amyl alcohol has been separated from the aqueous 
solution, the ammoniacal liquid is again shaken with amyl 
alcohol. The combined amyl alcohol extracts, completely 
freed from water by allowing the liquid to subside and 
filtering it, are evaporated, and the residue, if any, tested 
according to Sec. 213 for morphine. If this residue was 
not sufficiently pure, it is purified by re-dissolving it in 

^ In the even^cf strychnine still not being obtained absolutely pure by this 
methodfFr. Janssens {Zeitsch. aruU. Chem.y 4,48 (1866)) recommends re-dissolving 
it in dilate tartarjc acid solution, and, w!^e shaking it, adding sufficient finely 
powdered sodium nydrogen carbonate to ensure that the acidity of the liquid is 
only due to free carbonic atid. ^ Should a precipitate separate, it is at once filtered 
off through a rapid filter. The strychnine remains dissolved, bwing to the action 
the free carbo^i dioxide, and o^y separates when fhe filtrate is boiled and 
partly evaporate. When this precipitate has been filtered off and washed it , 
is dii^lved fn a small quantity of dilute sulphuric, acid (1 ; 200), potaiSium 
carbonate added in ex(5!)SB, the liquid shaken repeatedly with six times its volume 
of evher, and the extract evaporated. Chloroform is even better than ether 
for extracting the alkaline solution. 

• ^e amyl alcohol should have a boiling pointtof 131®. When evaporated 
on the water oath it should not leave any Appreciable residue, and when shaken 
with \imter containing sulphuric ccid should not yield any sul^tances which give 
precipitates yith reagpnts for the precipitation a^aloids. ^ 
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amyl alcohol and shaking the resulting solution with hot 
water acidised with dilute sulphuric acid. The acid water 
extracts the alkaloid horn the amyl alcohol, colourufg •sub- 
stances, etc., remaining in the amyl alcohol ; if, never- 
theless, any have passed into the sulphuric acid solution, 
they may be removed by repeated shaking with hot amyl 
alcohol. The alkaloid solution thus purified is rendered 
alkaline with ammonia, and the morphine extracted from it 
by shaking the hot solution with amyl alcohol; after 
evaporation the morphine can generally be obtained in 
crystalline or crystallised form. 

(h) The extracts obtained in (c) or in (c) and (/) by shaking 
the acid aqueous solutions with ether must still be tested 
for true digilJhline and picrotoxine. They also contain 
colouring substances, etc., which are, in particular, present 
in the first ethereal extracts. It is therefore best to follow 
the advice of Otto, and evaporate the strongly-coloured 
ethereal extracts and the slightly-coloured ones separately, 
and to make separate examinations of the residues. These 
should be moistened with glacial acetic acid, heated with 
water, and the solution filtered from the residues, which are 
generally of a resinous consistency. Any picrotoxine and 
true digitaline is extracted from the acid solution by shaking 
with chloroform. Any traces of atropine, however, which 
may be present here {cf. Sec. 229, 1) are finally obtained by 
treating the acid aqueous liquid, separated from the 
"'‘ chloroform, with an excess of ammonia, and shaking it 
with benzene. On the careful evaporation of the benzene 
and chloroform extracts the substances contained m them 
are left, and should be further examined. « • 

Up to this point we have confined ourselves in this seotipn, in 
describing Stas-Otto’s method, to the vegetable poisqns dealt with 
in this book. We now add to it a survey according to R. Otto,i 
which indicates more completely the places fn which, in the foregoing 
course of examination* the separate alkaloids are obtained. 

• l^^Extracted from th^ tartaric acid aqueous solulion by eKher : Ool- 
ohicine, true digitaline, picrotoxine, and canlSiaridine (further, 
small quantities of papaverine and traces of veratrine and atropine, 
as also of the decomposition products of apomorphine). 

^ Afikitung zur Ausmittehm^ der Gifte, 7tb ed., p. 144, Braunschweig, 
1896.e ^ • 
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II. Extraded by ether from sohaipHy rendered dkdUne 

by sodium hydroxide : Nicotine, coniine, veratrine, narootine, 
baine; codeine, papaverine, pilocarpine, brucine, strychnine, aconi- 
tine, cocaine, delphinine, atropine, hyoscyamine, scopolamine, 
homatropine, emetine, physostigmine, also traces of colchicine and 
digitaline, and the products of decomposition of apomorphine. 

III. Extracted ether from the alkaline aqueous solutiouy rendered 
ammoniacal by the addition of ammonium chloridcy forming a red or 
violet solution : Apomorphine and traces of morphine. 

IV. Extracted by amyl alcohol from the ammoniaoal aqueous sola- 
tion : Morphine and narceine. 

V. Remaining in the alkaline aqueous solution: Curarine and 

narceine (traces). ^ 


Sec. 231. 

2. Processes oi A. Hilger, P. Kiister» and K. Jansen» and ol 
G. Dragendorff. 

A. Hilger, P. Kiister, and K. Jansen i have modified the Stas- 
Otto method, as regards the application of its technique, to the 
extent that they replace the extraction by shaking from the substance 
under examination by extraction in a Soxhlet extraction apparatus 
of the mass previously dried with calcium sulphate. A tartaric acid 
aqueous, or alcoholic extract of the naaterial under examination, 
prepared in the usual way, is carefully evaporated on the water bath, 
and the viscous residue (or the substance itself ground up with tartaric 
acid) mixed with the quantity of calcium sulphate (gypsum) necessary 
to form a dry mass (by fixation of the water), and the whole then pow- 
dered and placed in an extraction thimble. It is extracted with ether, 
the residual acid calcium sulphate mass rendered strongly alkaline 
(after evaporation of thePether) by saturating it with concentrated 
sodium carbonate solution, then dried, and again extracted with ether. 
By this means the alkalqids or other poisonous substances should 
easily be obtained dirfictly in a comparatively pure condition. This 
process has frequently been recommended, but has not been generally 
adopted. ^ 

G. Dragendorff^^ on the other hand, has Endeavoured to perfect 
the extraction process by using a series of other solvents as well as 
ether and amyl alcohol, both in the case of acid and alkaline Hquids, 

^ Mitteil au9 dm, vhwrm, Iwt. u. Labw.f.cm^w. 

2 291 (1889) ; Forscimngeher. fiber 14 andr 0 (1896). > 

* » jWe giHMich’UJmische Ermittelung 4th ed. i806. 
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his aim being to effect a certain degree of separation of the alkaloids 
at the beginning. We give here the main outline of the series of 
operations essential to the process : — 

(a) Extraction at 40‘^-50® with water rendered distinctly acid 
with dilute sulphuric acid. 

(b) Concentration of the aqueous eiAracts until they are of the 

consistency of syrup, maceration for 24 hours with three 
to four volumes of alcohol at 30°, cooling and filtration, 
washing with 70 per cent, (by volume) alcohol. 

(c) Distillation of the alcohol, filtration of the quite cold residue 

from the distillation (diluted if necessary with water). 

(d) Extraction of the acidified aqueous solution by shaking with 
freshly rectified petroleum spirit. 

(e) Extraction of ftie acidified aqueous solution by shaking with 

benzene. 

(f) Extraction of the acidified aqueous solution by shaking with 

chloroform. 

(g) Extraction of the acidified aqueous solution by shaking with 

amyl alcohol. 

(A) Treatment of the aqueous solution with excess of ammonia, 
extraction of the ammoniacal liquid by shaking with 
petroleum spirit in the cold, and removal of the latter only 
after several hours’ standing. 

(i) Extraction of the ammoniacal solution by shaking with 
benzene. 

(k) Extraction of the ammoniacal solution by shaking with 
chloroform. 

(l) Extraction of the ammoniacal solution by shaking with amyl 

alcohol. 

(m) Drying the ammoniacal liquid by^the addition of caloit?m 
sulphate, extraction of the dry residue with chloroform. 

The comprehensive classification of the alkaloids which Dragen- 
dorff aimed at attaining by this manifold J)roqes8 of shaking is not 
successful in practice. Gadamer points out that, according to the . 
law of distribution, nAhing else is to be expected. 

Sec. 232. 

3. Gadamer’s Extended Course of Examination. 

• 9 

The method of examin^ipn devised Stas and Otto has as its 
objeat solely the detection df jjkaloids, glucosides, and bitter i^rinciples. 







8o long as it is a question exol^^vely of the examination of suhr 
s^nces^related to these groups, this method is the one which Is most 
used even to-day. In practical, and especially in forensic tozi* 
cological examinations, however, such a restriction would not 
infrequently lead to inconclusive results, because in such cases the 
presence of numerous synthetic drugs has to be taken into considera- 
tion, which themselves belong to entirely different classes of chemical 
substances. In order that these also may be detected, J. Gadamer ^ 
has worked out an extended analytical course based on the Stas 
Otto method, of which we will give a survey here ; for details as to 
its mode -of application, reference should be made to Gadamer’s 
book itself. 

The acidified substance under examination is extracted with alcohol. 

A. The following are not dissolved in alcohol, and must be 
detected in the residues : Fats and fatty oils, with the exception of 
castor and croton oils, poisonous proteins, such as ricine, crotine* 
and ahrine, oxalates, many tartrates, and other organic salts of heavy 
metals (mercury and bismuth). 

B. The alcoholic extract is carefully heated to remove the alcohol. 

. The acid aqueous residue consists of a portion I. not dissolved in 

water, and an acid aqueous solution II. 

I. The portion insoluble in acidified water may either consislf 
of fat only, or it may also contaiu poisonous substances. 

(a) By boiling with water it is possible to extract : Sulphond, 
triond, tetroncd, anilides, ^henaidides, phenylhydrazides, 
esters (salols), and other substances of a non-basio nature 
(from II. (a) (a)), provided they are present in fairly 
considerable quantity. 

(b) By subsequent extraction with hot alcohol (ether, chloro- 

^ form)<>there may be obtained; Basins (drastics), cardol/ 
croton oU, castor oU, dinitrocresol, dinitromphthol, many 
iodofcrm substitutes and substances from the previous group. 

II. The add ague(m solution is evaporated to the consistency of 
syrup, stirred with strong alcohol until a precipitation no longer 
t^es place, affd filtered ; the filtrate is freed from alcohol by careful 
Jbeatirg, afier the addition of water, and shaken first with ether and 
then with chloroform. 

" • (a) Substances which can he extracted by shaking : — 

^ (a) From add solution: pompouuds of add, neutral ot 

very slightly ^asic charactei^ 


> Mrbuch dSr chemiechen TodkdloyUt^ 369. Gdttingen, 1^)9. 
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1, Extrac<»d by ethfir ^ 

AiMs : Halogen acetic acids, oxalic acid, lactic acid, 
tartaric acid, citric acid, also volatile acids (formic add,* 
acetic acid, benzoic acid, cinnamic acid, salicylic acid). 

NUro^mpounds : Picric acid, dinitrocresol, dinitr<)- 
napbtbol, etc., including nitroglycerin. 

Phenols: Pyrocatecbol, resorcinol, bydroquinone, 
pyrogallol, phlorogluoinol (filicic acid, phloretine). 

BiUer principles (Lactones): Cicutoxine, picrotoxine,' 
santonine, cantbaridine, anemonine, anemonol, cardol, 
meconine. 

Purgatives : Antbraquinone derivatives, phenol* 
pbtbalejp. 

Drastics or constituents of drastics : Eupborbium, 
gambogic acid, quercetine (from podophylline) jalapine, 
scammoniuin, picropodophylline, and a little elaterine, 

Sclererytbrine as constituent of ergot of rye ; sul- 
phonal, etc. 

AminO’Compounds : Veronal, proponal, neuronal^ 
bromural, anilides, pbenetides (not phenocoU), pbenyl- 
bydrazides, aneestbesine, solanidine, piperine, capsai- 
cine ; also traces of weak bases (see next group). 

2. Extracted by chloroform^ especially if it contains alcohol : 

Traces of the previous groups ; also of substances free 
from nitrogen, colocyntbeine, elaterine, bryonidine, 
podopbyllotoidne, convolvuline, gratioline, digitoxine, 
digitaline, and a little stropbantine ; of suhstancei 
containing nitrogen, maretine, caffeine, tbeobrbmin0^ . 
tbeocine, narcotine, papaverine, cbelidonine, canadine, 
bydrastine, veratrine, cokbicine, sblanidine, and 
others. * 

(P) Substances which may be e^racted h§ shaking from 
aUadine solution : Compoui^ a basic character. 

(oa) F^om solutions rendered alkaline^ with sodiw^, 
hydroxide : Bases without phenolic cbajacter. o 
1. By shakily with ether (in the preset of apomorpbibi 
the ether is coloured red) : Exalgine, pbenetidin^ 
phenocoU base, phenyUiydrazme, parapbenylenewf 
mine ; anfipyrine^ tolypyrine, pyramidone ; tbSllil^ 
o^xine ; gj^dine, quinolisie, isoquinoline, piperaiinii| 
lupetazine, Jyrtdine. 
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Coniine, nicotic, lobeliine, .sparteine^ lupine 
alkaloids, cotarnine, codeine, dionine, peronine, heroine, 
protopine ; berberine,hydrastine ; cocaine, tropacocaine, 
eucaine, novocaine, anfiesthesine, aljpine, stovaine, 
holocaine, acoine (nirvanine) ; strychnine, brucine, 
quebracho alkaloids, gelsemine and gelseminine ; 
Cinehona-hark alkaloids ; mydriatics : Hyoscyamine, 
atropine, scopolamine, homatropine, euphthalmine, 
ephedrine ; eseroline (physostigmine) ; aconitine, 
pseudoaconitine, delphinium alkaloids ; emetine, 
psychotrine ; arecoline, taxine, yohimbine, veratrum 
alkaloids. 

2. Extracted with chloroform (in the presence of physostig- 
mine the chloroform becomes red owing to rubreserine) : 
Traces of the previous groups: analgine, formopy- 
rine ; chelerythrine, rubreserine, staphisagrine, cytisine, 
anagyrine. 

(PP) Extracted by ether, or preferably, directly by 
chloroform from ammoniacal solution, or better, 
from a solution rendered alkaline by sodium hydrogen 
carbonate : Phenolic bases : especially oxyquinoline ; 
vioform, kairine (thalline) ; morphine, narceine, 
apo morphine, nirvanine, orthoform, physostigmine 
(extracted also in (j3) (aa)), eseridine, pilocar- 
pine, curine (from arrow curare). 

(6) Poisons which cannot he extracted directly. The solution 
rendered alkaline with sodium hydrogen carbonate which 
remained in (^j3) is saturated with sodium chloride or 
ammonium sulphate, and shaken with chloroform (with 
10 per-Cent. alcoh:)!), with liquid carbolic acid, amyl alcohol, 
or isobutyl alcohol. 

(a) Poisons which can he extracted : Strophantine, convalla- 
marine, und, other cardiac poisons, aloine, colocyn- 
thine, gratiosoline, saponines, incbjiding digitonine and' 

^ solanine. 

(jS) Poison^ which cannot be extracted. The solution is 
evaporated to dryness, after the addition of sea sand, 
and extracted with alcohol in a Soxhlet extraction 
apparatus. ** 

(aa) Extracted from the neutral or sightly alkaline 
ihass: Lactic acid, citfirjp acid, phenols^pho^ic 



m2iS IDSlNTIFWATION OF SUBSTANCES 



acids (naturally as salts); glycerin; hellebcdin^ 
scillaine. neriine ; loretine, narceine.; salts of 
quaternary ammonium bases ; eucodine, mor- 
phosan, euporpLine, eumydrine; berberine, co- 
tarnine, bydrastinine, curarine. 

(j3j3) Extracted by alcohol after treatment with dilute 
sulphuric acid : Oxalic acid, tartaric acid. 


Sec. 233. 

4. Identification of Substances isolated in the Analytical 
Course. 

If, in applying the analytical course — whether that of Stas-Otto, 
Gadamer, or any othet be used — ^a residue is obtained on evaporating 
one or other of the extraction agents, the next operation is to deter- 
mine its chemical nature, in order to be able to state with certainty 
what poison is present. In view of the large number of poisons which 
are now known, and which are available to a suicide or criminal, 
this task is rendered more difficult because of the responsibility it 
entails. It is only occasionally simplified by the fact that there is 
reason to assume that only one individual substance can be present. 
This applies especially when pure substances, i.e. purified alkaloids 
or synthetic drugs have been used. If, however, it is a question 
of plant decoctions or medicinal preparations, a large number of 
poisons may have to be taken into consideration. For example, in 
nux vomica poisoning it is a question of the simultaneous presence of 
strychnine and brucine ; in opium poisoning one of all the opium 
alkaloids, and also of meconic acid and meconine. 

The difficulties which confront the chemist in forensic cases are 
sometimes decreased by the fact that indications of criminal intei^, or 
the post-mortem examination of a body, dftrect suspuiion into a certain 
channel, and so reduce the possibilities. For instance, remains of 
medicine or drugs may have been found near the body, the nature of 
which is comparatively easy to determine,* and which afford ,an 
indication that these constituents should be looked Jor in the bodj^.^ 
In..,investigating the cause of the death of a ]greg;)ant*woman it k 
often advisable to direct attention in the firsWplace to any meafii 
which may have been used to produce abortion. 

One method open t^ the chemist to simplify the final idegtifio%* 
tion consists of ‘preliminary iesf%. They often afford data for a boA 
clj^sion in thakthey ex^duile the presence of certain substances, asp 
indicat# the presence o<*others, so di^inctly that only^a few tes^ 
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of identification need be applied obtiftin a deoiaive result. Amoiig * 
these p]^eliminar 7 tests the determination of the melting-point imd 
tl^e application of colour reactions play the most important part. 
The melting-point should be determined in all cases in which well- 
crystallised residues have been obtained ; the result should be con- 
firmed by a renewed test applied to re-cr 3 rstallised material. The 
tables of the melting-point of organic drugs given in Gadamer’s 
book, Lehrhuch def chemischen Toxikologie, on pp. 667 and 675, 
will be found of great assistance in drawing conclusions from the 
results obtained. 

With regard to colour reactions^ those produced by Frohde’s reagent, 
by Erdmann’s reagent, and by concentrated sulphuric acid are 
the most important, followed by those due tp vanadium sulphuric 
acid, selenium sulphuric acid, formalin sulphuric acid, furfural 
sulphuric acid, benzaldehyde sulphuric acid, and several' others. 
Tests need only be made with traces of the substances isolated in 
the analytical course, and very little material is, therefore, required. 
The tabular summaries given by J. Gadamer on pp. 487 et seq. of his 
Lehrhuch der chemischen ToxiJcologie, and by H. Baumert on pp, 334 
et seq. of the second edition of the first volume of his Lehrhuch def 
gerichtlichen Chemie, will be found xiseful in drawing conclusions from 
the results obtained. 

In this book we are compelled to confine ourselves to these 
references, and especially in regard to the final identification tests 
consequent on the results of the preliminary tests for poisons, to 
refer to the two books just mentioned, and also to those mentioned 
in footnote 2, p. 921, particularly to those of Otto, Autenrieth, and 
Eippenberger. The systematic course for the detection of nitrogenous 
drugs, devised by J. Qadamer,i must also be specially mentioned. 

< 11 . 

Remarks on the Oon^ Choice ol Exercises for Practice. 

" ^ Sec. 234. 

When the Student has become acquainted^ with the behaviour 
i of substance towards reagents, and has lear;^ed and proved kow, 

, with their aid, to detect in the presence of one another, and to separate 
from one another, the cations and anions of difierent groups, and also 
the.zn^mbers of one and the same group, hf.^ should pass to actual 
.examinations for the purpose of leamj^ig qualitative chemical 

” ^ ^ C.) 

* Lelrbuch de^chemieehen Toxihotogie, ^.^3. Gdttiiigeii, 16^ 

* r. ' # # 
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analysis. It is not ,inm^terial wli4her tke series of substances, 
for^the sake of practice are to be analysed, is followed metbodipalfy 
or not, o^hether all experiments relate to one aspect of the subject. 
Many ways may lead to the end, but one is always nearest. 

In order that students may not be without guidance in this 
respect, a plan is given here, the observance of which will be of assist- 
ance in the rapid attainment of the object in view. 

So long as analyses are being made for practice, it is essential to 
be able to ascertain with absolute certainty whether the results 
obtained are correct, because this is the only way to acquire confidence 
in the accuracy of the course, as also the necessary assurance and 
self-reliance, and is the sole means of forming the conviction that 
only a methodical ajj^d well thought-out process leads to success. 
The substances to be examined should, therefore, be mixed by some 
one who knows the individual constituents exactly. If there is no 
opportunity for this, it is better to mix the constituents oneself, 
and then to detect them as if one did not already know them, in 
exactly the same way as though unknown substances had been 
chosen for examination. The beginner should only be given mixtures 
to analyse, the constituents 6f which are known exactly by the 
instructor, as he can then be given defiiyte replies when he detects 
this or that substance, and his confidence in the method and in 
himself will not be shaken by any element of doubt. 

The number of tests which a student should make before he has 
mastered his subject will vary according to his individuality and his 
preliminary knowledge. We give a classified suggestion of a hundred 
tests, as experience has shown us that, if suitably chosen, such a 
number will, as a rule, be sufiicient to master the process completely, 

A. From 1 to 20. Aqueom solutions of simple salts, e.g. sodium 

sulphate, calcium nitrate, cupric chloride^ . 

This is for the purpose of learning the course for the analysis of 
substances soluble in water which only contain one cation. The task 
here is only to detect which cation is dissolved in the liquid, no atten- 
tion being paid to t]ie detection of any other cation or anion, present. 

B. From 21 to 60. Pure salts, oxides, or aeidS (substances 'fc 

which not more thai. one cation and one anion are prel^nt) in 
form (powdered), e,g, barium carbonate, so&m borate, caldw^ 
phosphate, arsenic trioxide, sodium chloride, citric acid, ouptSf" 
acetate, barium sulphdte, lead,.chloride. • 

This is in ^rder to lesfini how a solid substance is subxnteid\W^ 
a*prel||[iinary test by ^eating it in a snvall tube and bef^e tkd 
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pipe, and l^ow it is brought int<^a suitable form for examination 
(i.e, dis^lved or decomposed), how a cation is detected, even when 
the substance is not soluble in water, and how the presence of an anion 
is determined. 

The cation and anion must be found, but no proof need be 
obtained that no other constituents are present. This series of tests 
leads to keener observation and promotes careful reflection, because 
the results obtained in the preliminary test, the behaviour of the 
substance towards the solvent, and a knowledge of the cations assist in 
forming a conclusion as to the anions for which tests should be made. 

C. From 51 to 65. Aqueous or acid solutions of several cations. 

This is for the purpose of learning how to separate and 

differentiate between several cations. It mu^t be proved that no 
other cations than those found are present. Anions are not taken 
into consideration. 

D. From 66 to 80. Dry mixtures of various kinds. The salts 
should be partly inorganic, partly organic, the separate portions of 
the mixture partly soluble, partly insoluble in water or hydrochloric 
acid ; for example, sodium chloride, calcium carbonate, cupric 
oxide — ammonium magnesium phosphate, arsenic trioxide — calcium 
tartrate, calcium oxalate, barium sulphate — sodium phosphate, 
ammonium nitrate, and potassium acetate, etc. 

This is in order to learn the preliminary examination of a varying 
mixture of substances, their behaviour with solvents, the detection 
of several anions in the presence of each other, the identification of 
cations, even in the presence of phosphates, oxalates, etc., of the 
alkaline earths, and, in short, the preparation for analyses such as 
are required in scientific or practical problems, 

. All constituents present must be found, and the nature of the 
substance deternfined. ' 

E. Fxom 81 to 100, Objects which occur in nature, in industry, and 
in commerce, etc.** Spring water, minerals of all kinds, soil, plant ash, 
potash, soda, metal alleys, mineral pigments, etc. 

" III. 

fl flo 

Tubolation of the RSsolts obtained with the Substances Analysed 
for Practice. 

* § 235. « 

. When stud 3 dng analysis , it is not immaterial how the results 
^j^ained arq, noted, and even though eacb<uray of representii|g whiit 
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been found may« eventually leai to the same end, one is generally 
more suitable than another to obtain rapidly a knowledge of the 
object under examination, and to lead to a quick and yet thorough 
grasp of the whole subject. 

The following examples show the method which in practice we 
have found to be the most suitable and trustworthy : — 

Typical Method of Tabulating the Results of Nos. 1 to 20. 


Colourless Liquid of Neutral Reaction. 


Hydfochlorio Acid.^ 

Absence of silver 
ion and mercurous 
ion. 


Hydrogen sulphide. 
Nil. 

Absence of lead, 
mercuric, copper, bis- 
muth, and cadmium 
ions. 

Ammonium Sul- 
phide. Nil 
Absence of fer- 
rous, manganous, 
nickel, cobalt, and 
zinc ions. 

Arsenite, arsenate, 
antimony, stannous, 
stannic gold, and 
platinum ions. 

Ferric ion. 

Aluminium and 
chromic ions. 


Ammonium Car- 
bonate. White 
precipitate. 
Presence of 
barium, strontium 
or calcium ion. 
Addition of cal- 
cium sulphate 
solution. No 
precipitate : 
Hence calcium 
ion. 


Typical Method of Tabulating the Results of Nos. 21 fo 50. 

White powder, melting in its water of crystallisation when heated, then un- 
changed. Incandescent on charcoal in the blowpipe flame. Alkali phos- 
phate beads not coloured, transparent when cold. Substance soluble in 
water j reaction, neutral. 


Hydrochloric 

Hydrogen 

Ammonium 

Ammonium 

Sodium Ammoifirum 

acid. 

sulphide. 

sulphide. 

carbonate. 

phosphate. White erya* 
talline mecipitate : 
Hence Magnesium, 

• 

Nil 

Nil 

Nil 

Nil 1 


Since the cation is magnesium, and the substance is soluble in 
water, and organic anions are absent, the anion can only be chromate, ' 
sulphate^ borate, chlorate, bromine, iodine, cyanogen, ferrocyanogen, 
ferricyanogen, thiooyanogen, nitrate, or chlotate ioiv The absencj^ 
► of (tfganic acids and nitrate ion is proved by the preii ■ uinary examina- 
tion. ^ ! 

Barium chloride produces a white precipitate. This is insoluble 
in hydrochloric acid, pence Sidphaie ion is present. 

1 Students we advised to,wrii» the foynulw instead of the nameri ^ 
compounds, • 

I Ni^ndioates that no r^^on takes place. 
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Solubility Tables. 

Summary of the compounds of elements of frequent occurrence, with ' 
special reference to the classes into which they may be grouped 
in accordance with their solubility in water, hydrochloric acid, 
nitric acid or aqua regia^ as also to the solubility in water of a 
number of compounds of most importance in anaylsis. 

Sec. 236. 


Preliminary Remarks. 


The solubility tables on pp. 940 and 941 are given in the same 
form as proved so s^isfactory in the former editions of this book. 
The object of these tables is primarily to enable the beginner to 
decide, according to the conditions of solubility, which anions may 
be present in combination with the cations found in the course of 


analysis. 

Apart from this, it may also serve as an approximate guide to 
the conditions of solubility of the compounds dissolved. In thia 
connection it must again be pointed out that absolutely insoluble 
substances do not exist, and that, strictly speaking, the substances 
which are termed insoluble here are all soluble to a slight extent. 
The exact degree of solubility in pure water of compounds of most 
importance in analysis is given in a separate table inserted at the- 
end of this book. The figures given refer in each case to grammes ' 
of anhydrous salt in 100 grnis. of solution. For example, they show 
that 17*4 grms. of CUSO 4 are contained in 100 grms. of a saturated 
aqueous cupric sulphate solution at 15^, and that there are 0*000, 080,(' 
grm. of PbS in 100 grms. of an aqueous solution saturated with lead 


sulphide at 18°. , , 

The classes into which the compounds are arranged in •the first 
table, corresponding to the divisions made in Sec. 193, are expressed 
in figures for the sake of brevity. Thus ^ — • 

I. Indicates a substance soluble in water. 

II. Indicates a substance practically insoluble in w/lter, but solubli 
^ in hydrochloric slcid, nitric acid, or aqua r^ia. ^ 

‘ III,^ Indicates a substance practically insoluble in water, hydroohlor§ 
acid or nitric acid. 

In the case of sul^tances which stand on the borderlile, 

' numbers of tl^ respective tjlasses haved>een h^hened. Thus 
'ti^res^ts a substance jjidflch dissolves with difcculty i% watefj ^ 
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cfissolved hj hydrochloric or D^c aci^ ; I -III. repreeents a ' 
stance which dissolves with difficmty in water, and the solubility of 
which 13 not materially increased by the addition of acids ; ' and 
II.-III. represents a substance insoluble in watej and dissolving with 
difficulty in acids. If the behaviour of a compound towards hydro- 
chloric acid is essentially different from that towards nitric acid« it ' 
is mentioned in the Notes on p. 943. As regards the salts, neutral . 
salts are, as a rule, understood, but basic and acid salts, as also the 
double salts, are mentioned in the Notes when they are of special 


importance. The smaller figures in the respective places refer to 
these Notes. 







NOTES. 


1. Potaaaium diohromate L 

2. Potasdum borotartrate L 

3. Potassium hydrogen oxalate 1. 

4 . Potassium hydrogen carbonate I. 

3. Potassium hydrogen jartrate I. 

6 . Potassium ammonium tartrate I. 

7. Sodium potassium tartrate I. 

8 . Ammonium sodium ^osphate I. 

0. Sodium tetraborate I. 

10. Sodium hydrogen carbonate I. 

11. Tricaloium phosphate, Ca,(P 04)2 II. 

12. Ammonium magnesium phosphate H. 

13. Potassium aluminium sulphate I. 

14. Ammouium aluminium sulphate I. 

13? Potasdnm chromio sulphate I. 

16. Zino sulphide, soluble as blende in nitric acid, with the separation of sulphur^ 
* but only soluble in hydrochloric acid when heated. 

17. Manganese dioxide, readily soluble in hydrochloric acid, msoluble in nitrlp 

aoy. 

18. Nickel sulphide, decomposed fairly readily by nitric acid, but with 48 ^. 

difficulty by hydrochloric acid. 

10 . Oobislt BolphidQ the same as nickel sulphide. 

20. Ammonium ferrous sulphide 1. 

21. Ammonium ferric chloride I. 

22. Potassium ferrous tartrate I. . 

23 .. Silver sulphide, only soluble in nitric acid. ^ 

24. Bed'lead (PbjOi) is converted by hydroobloric acid into lead ohlori^ inf 
nitrio acid into lead oxide, which dissobes in e^lss of the aoi(viimd 
into brown lead peroxide insoluble in nitrio acid. 
is. Basic lead acetate L 

26. Mercurous nitrate-ammonia (m^ourius soliibilis Hahnemanni) II. 

27. Basic mercuric sulphate n. 

28. Mercuric ammoniu^ chloride {white prewpitate) II. 

29. Mercurio^jmlphide, insoluble in hydrochloric or nitric Icid, but solublj^ 

•hotqquaregia, , , r 

80. Cupiio ammonium sulphate I. „ , p 

8 L Cupric sulphide, decomposed with difficulty by hydroehlorio add, 8 §l 
readily by nitrio acid. • >. 

22 , cttprio'acetate, ^Liially sduble in water and completely in Atdi. 

Biihttthyl chloride IL 
8 I» Blsmuthyl iMate IL * 


943 
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t Bodium auno chloride I. 

Auric sulphide, insoluble iu hydroAiorio'nnd nitric arsids, but soluble ih hot 
aqitaftgia. ' " 

87. PotaWum platinochloride 1.-111. 

88. Ammonium platinochloride 1.-III. 

89. Platinio sulphide is not attacked by hydrochloric acid, and only iSli^htly by 
boiling nitric acid (when it has been precipitated from a hpt solution)* 
and is soluble in hot agwi regia. 

40. Ammonium chloride-stannic chloride (pink salt) I. 

41. Stannous sulphide and stannic sulphide, decomposed and dissolved by hot 
hydrochloric acid, converted by nitric acid into stannic oxide, insoluble 
in excess of the acid. Sublimed stannic sulphide is only dissolved by 
hot aqua regia. 

42. Antimony trioxide, soluble in hydrochloric acid, insoluble in nitric acid. 

43. Antimonyl chloride II. 

44. Antimony trisulphide, dissolved completely by hy^ochloric acid, especially 
when hot, decomposed by nitric acid, but only slightly soluble therein. 

46 Antimony calcium sulphide I.-III. 

46. Potassium antimonyl tartrate (tartar emetic) I. 

47. Calcium hydrogen malato I. 
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A 

Absoeption, 17 
spectrum, 100 

Acetate ioSti. Sex. Acotiaacid 
Acetio acid as reagent, HO 
behaviour towards reagents, 532 
detection in mixed compounds, 667, 
670 

detection in simple compounds, 
687, 696 

Acid anhydride, 9 
radicles, 7 
Acids, 7, 26 
free, 26 • 

Aflftnity, 22 

Alkaline solutions, examination of, 606 
Alkaloids, behaviour towards reagents, 
852 

detection of, 912 
in foods, etc., 920 
Alloys, examination of, 658 
Alumin ium and aluminium ion, 
detection in mixed compounds, 634, 
637, 644, 676 

detection in simple compounds, 677, 
690, 699 

in analysis of soil, 716, 717 
in mineral waters, 704 
in silicates, 687 
in spring deposits, 711 
Ammonium and ammonium ion, 
behaviour towards reagents, 126 
* detection in mixed compounds, 663 
detection in simple compounds, 579 
in aneJysis of soil, 7l7 
in mineral waters, 690, 702 
Arnmonium carbonate am reagent, 111 
chloride as reagent. 111 
molvbdate as reagent, 111 
oxalate as reagent, 111 
sulphide as reagent, 74# 

^ thioaoetate as reagent, 837 
Analytical owr^j^ns, 15 ^ ' 

Aain ns (||e maunder GronpS)f 20 
Anodes* 


Antimony ana antimony ions, 
behaviour towards reagents, 367 
detection in mixed compounds, 619, 
622 

detection in simple compounds, 672 
in alloys, 567 
in foo^, etc., 749, 760 
in spring deposits, 709 
Apparatus, anal 3 dioal, 103 
Appliances, analytical, 103 
Aqua regia as reagent, 19 
Arsenic, behaviour of, 338 
detection in pigments, carpets, 
textile fabrics, etc., 723 
detection in foods, cadaveric re* 
mains, etc., 728 
preparation of, 
from arsenic trioxide, 339 
from arsenious sulphide, 350 
Arsenic, 

pentavalent, behaviour towards re- 
agents, 353 

trivalent, behaviour towards ' re- 
agents, 339 fc. 

trivalent and pentavalent, ® 

detection in mixed oomponnds, 
617, 622, 656, 675 ^ 

detection itm simple oomp%!|ldl, 
672, 680 « 

distinction between, 376 
'^in analysis of<eoil, 717 
ia mineral waters, 708 
ijPi silicates, 686, 690 
in spring deposits, 709, 713 
Ash of plahte, animals, manures, etd,* 
examination of, ''82 • 

Atomic wei^ts, 3 
Atomiser, Beckmann’s, 98 
Atoms, 2 
Atropine, 

behaviour towards reageni^ 899 
* detection in mixed compounds, 91|, 

detection in simple ocmpounds, 
inifoods, etc., 91^, 932 ^ 

ms* * eo 
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4anohydnx>hlorioAoidMnagtt!it,ll$ilBraoiM ^ . 

Azide ion. <9<e Hydroniteio Add behaviour tow«^ reagente^ SOS 

^ 0 detection in mira oomponnda, 9]i9 

detection in simple compounds, 014 


B 

Baiinm and barium ion, 
detection in mixed compounds, 643, 
• 648,671 

detection in simple compounds, 678, 
601 

in cadaveric remains, foods, etc., 
748, 762 

in mineral waters, 704, 706 
in silioates, 687 
in spring deposits, 710, 712 
Barium chloride, 112 
nitrate, 112 
Bases, 26 
Beaked 103 

Benzoate ion. See Benzoic acid 
, Benzoic acid, 

behaviour towards reagents, 622 
detection in mixed compounds, 667, 
670 

detection in simple compounds, 687, 
696 

Beryllium and beryllium ion, 
behaviour towa^ reagents, 173 
detection of, 822, 824, 836 
Bismuth and bismuth ions, 
behaviour towards reagents, 296 
detection in mixed compounds, 626 
detection in simple compounds, 673 
in foods, etc., 748, 749 
“ Bloom,” 89 
Blowpipe, 83 
^ flame, ^ 
teets, 82 

Boiling flasks, 103 
Boiling point, 19 
ISoraile ion. See Boric acid 
Borax beads, 90 
Boric add, 

behaviour towaiyhi reagents, 418 
detection in mix^ oomonind/i, 646, 
-668 

detection in simple c^poiffidll, 681, 
682,683,69^693 
in mineral waters, 706 
in plant as h, 788 ( 

« ini^te8,687,690 ' 

, Wtouiiie and bromine ion, 

^ Jbabaviour towards reagents, 448 
^:^nt 0 C|fpn in mixed compounds, 666, 
"677 ' 

dshiMm in simple oompoundZr^682, 
li ndhM ^teis, 701:! 


in foods, etc., 928 
Burners, 76 

Butyrate ion. See Butyric acid 
Butyric acid, behaviour towards 
reagents, 539. 

C 

Cadmium and cadmium ion, 
behaviour towards reagents, 300 
detection in mixed compounds, 622, 
624 

detection in simple compounds, 671 
in foods, etc., 761 
Ceesium and Vsraaium ion, . 
behaviour towards reagents, 132 
detection of, 829 
in mineral waters, 708 
Calcium and calcium ion, 
behaviour towards reagents, 146 
detection in mixed compounds, 642, 
646, 649, 671 

detection in simple compounds, 678, 
698 

in analysis of soil, 716, 717 
in mineral waters, 701 
in ordinary waters, 694 
in spring deposits, 711 
Calcium chloride as reagent, 112 
sulphate as reagent, 112 
Carbon, 

behaviour of, 434 

detection alone or in mixtures, 697, 
673 

detection in metal alloys, 668 
detection in silioates, 687 
Carbon dioxide, evolution of, 69 
Carbonate ion. See Carbonic acid 
Carbonic acid, 

behaviour towards reagents, 434 
detection in mixed compounds, 666, 
669 

detection in simple compounds, 680, 
693 

in analysis^ soil, 716, 717 
in ash, 783f 

in mineral . yraters, 700, 702 
in oidinarv waters, 696, 608 
in ntring deposits, 708 
Cathod^ 20 

Cations (see qho under Groups), 20 
Otria earth^ 187 
Cerium «nd cerium kms, 
behaer^piQr towazds<)magents, 100 § 
deteoti«n of, 822, 824,828^836 
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CSiaMQat Ipr blowp^ tents, 86, 87 A 
CMomte ion. See CUorio acid 
CHorio aoid, ^ * 
behayiour towards reagents, 491 
detection in mixed compounds, 658 
detection in simple compounds, 583, 

592 

Chlorine and chlorine water as reagent, 

74 

behaviour of, 444 

Chlorine ion. See Hydrochloric aoid 
Chromate ion. See Chromic aoid 
Chrome iron ore, 676 
Chromic aoid, 

behaviour towards reagents, 396 
detection in mixed compounds, 655, 
676 

detection in simple compounds, 580, 

593 • 
in foods, etc., 751, 762 

Chromic ion. See Chromium 
Chromium, 

behaviour towards reagents, 167 
detection in mixed compounds, 634, 
638, 644, 677 

detection in simple compounds, 576, 
677, 689, 696 

in cadaveric remains, foods, etc., 
760, 762 
Cmchonine, 

^haviour towards reagents, 883 
detection in mixed compounds, 919 
detection in simple compounds, 914 
in foo^, etc., 932 
Cinnamic acid, 

behaviour towards reagents, 614 
detection in mixed compounds, 661, 
663, 670 

detection in simple compounds, 662, 
669, 686, 606 

Cinnamylate ion. See Cinnamic aoid 
Citrate ion. See Citric acid 
Citric acid, 

behaviour towards reagents, 604 
detection in^mixed oompoimds, 667, 
829 

detection in simple compounds, 586, 
590 

Cobalt and cobalt ions,, 
behaviour towards re«ents, 237 

in mixed ooinpounds, 640, 
842,646 ^ 

dtttootioii in oompouiidfli u7vf 
. 689 

in foods, etc., 761 
in i^pring djtposits, 711 
Oooaine, « > 

behaviour towfsds reagents. |72 • 
hi mixed oompp]pds, 917 


Cocaine, , 

detection in simple oompoundSii 91# 
in foods, etc., 928 ^ 

Colloids, 46 

Compounds, chemical, 2 
complex, 10 
Concentration, 17, 109 
osmotic, 20 
Coniine, 

behaviour towards reagents, 862 
detection in foods, etc., 928 
Copper, 

behaviour towards reagents, 289 
detection in mixed compounds, 626 
detection in simple compounds, 673 
in analysis of soil, 717 
in cadaveric remains, foods, etc,, 750 
in spring deposits, 710 
in waters, 697 
Crucibles, 66, 68, 103 
Crystallisation, 29 
water of, 11 
Crystalloids, 46 
Cupric ion. See Copper 
Cuprous ion. See Copper 
Cyanogen compounds insoluble in 
water, 

anal 3 rBis of, 678 

ion. See Hydrocyanic aoid 


Decantation, 40 
Decomposition, 66 
Deposit, 89 
Dialysis, 43, 730 

Dichromate ion. See Chromic a(dd 
Dichromic acid. See Chromio acid 
Didymium, 

behaviour towards reagents, 196 
detection of, 822, 824 
Diffusion, 44 ^ 

Digitaifne, • 
behaviour towards reagents, 904 
detection in mixed compounds, 91T 
detection in sim^ compounds, 1^16, 
in 

capacity, 26 
constants, 23 

DistUation, $ 
apparatus TO 
Double sedts, 11 


Electro affinity, 22 
Electrodes, 20 • 
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BIciotrolyBis, 19 i 

]!aeotax>fyte«, 19 

Electron,^! 

Element, 4 

Equilibrium, oheiiiioal, 12 
constants, 13 
Equivalent, 22 
Erdmann’s reagent, 878 
i^aporation, 49 

Ezeroises for practice, choice of, 934 
Explosive fusion, 66 
Extraction by shaking, 46 
. oonimuous, 46 

F 

Ferric chloride os reagent, 112 
Ferric ion, 

behaviour towards reagents, 249 
detection in mixed compounds, 637, 
643 

detection in simple compounds, 671 
in analysis of soil, 716 
in mineral waters, 701, 704 
in ordinary waters, 694 
in silicates, 686 
in spring deposits, 710, 711 
Perrioyanogen ion. See Hydroferri- 
cyonic acid 

Ferrocyanogen ion. See Hydroferro* 
cyanic acid 
Ferrous ion, 

. behaviour towards reagents, 244 
detection in mixed compounds, 637, 
643 

detection in simple compounds, 576, 
589 

in analysis of soil, 716 
in min eral waters, 701 
in ordinary waters, 694 
in silicates, 686 
Filter papers, 38 
tfi^ta for purity of^ 39, 739 > 
stands,. 37 
Filtration, 36 

. Flame oolorafl^ei^91, 1^64 
Flames, 79, 84 xu ^ 

bead reactions in, 90, 

Fluorescein paper as 450 

Fluorine ion. il^drraqorio add 
Fprmate ion. # See Fnnmo acid 
Formic add, 

bebavionr towards reagents, 629 
detection in mixed compounds, 668 
detection in simple compounds, 587 
FVtrmulC^ chemical, 3 
FeOhde’s reagent, 896 
Fanned, 37, 103 
^coteotive^l 


Gallium and gallhuAion, 
behaviour towards reagents, 248 
detection- of, 822, 823 
Gas burners, 76 

Gases, generation and use of, 67 
Germanium and germanium ions, 
behaviour towards reagents, 379 
detection of, 806, 807 
Gloss tubes for detection of aramiio, 
361, 739 

Gold and gold ions, 
behaviour towards reagents, 316 
detection in idloys, 667 
detection in mixed compounds, 622 
detection in simple compounds, 674 
Gold chloride os reagent, 864, 8W 
Groups, analytical, 114, 117 
properties of individual, 
anions, inorganic I., 395 
anions, inorganic II., 443 
anions, inorganic III., 486 
anions, organic I., 497 
anions, organic II., 521 
cations, L, 119 
cations, II., 137 
cations. III., 169 
cations, IV., 216 
cations, V., 273 
cations, VI., 314 

H 

Halogens, 7 
Heating apparatus, 75 
Humic acids, detection in analysis of 
soil, 718 
Hydrates, 11 

Hydrazine and hydrozylamine 
methods (Ebler and Knoevenagel), 
845 

Hydriodio acid, 

behaviour towards reagents, 462 
detection in mixed compounds, 666, 
677, 829, 830 

detection in simple compounds, 682, 
693, 697 

in mineral waters, 706 v 

Hydrobromio/ocid. See Bromine 
Hydroohlorid^id, 
bebavionr Awards reagents, 4^ 
detection (a mixed compounds, 668, 
674, 677 

detection in simple compounds, 688, 
693, 6Q7 

»in analy^ of soil, 716 
in n^nerol waters, 702 
in onimiciry wateli9696 
in smo^, 687, 690 
% 
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tow«^ feagentfl, 466 
detection in mlEeif compounds, 657* 
089, 678 

detection in simple oompoundik 683, 
692,697 ^ 

in fo^, cadaveric remains, etc., 
700 

Hydroferrioyanio acid, 
behaviour towards reagents, 464 
detection in mixed compounds, 655, 
657, 679 et eeq. 

detection in simple compounds, 581, 
582 

Hydroferrooyanio acid, 
behaviour towards reagents, 462 
detection in mixed compounds, 667, 
679 et eeq. 

detection in simple • compounds, 
582 

Hydrofluoric acid, 
behaviour towards reagents, 426 
detection m mixed compounds, 639, 
646, 658, 670, 676, 676, 830 
detection in simple compounds, 582, 
592, 593, 598 
in analysis of soil, 717 
in mineral waters, 703 
in silicates, 688, 689 
in spring deposits, 713 

Hydrogen as reagent, 66, 757 

Hydrogen sulphide as reagent, 70, 
736 

detection in mineral waters, 
700 

Hydrogen sulphide water as reagent, 
73 

Hydrolysis, 28' 

Hydronitrio acid, behaviour towards 
rec^ents, 485 

Hydrosulphuric acid, 
behaviour towards reagents, 466 
detection in mixed compounds, 655, 
656 

detection in simple compounds, 580, 
693 


Hydrosulphurous acid (H^S^Oi), 401 
Hydroxide, 7 
Hydroxyl, 7 ^ 

Hypochlorite ion. /f/^Hypochlorous 

^ 1 

Hypoohlorous acid, belmtiour towards 
reagents, 482 

Hyi^phoiiphite ion. 8u Hypophos- 
pnorous acid 

Hypophosphorous aciC behav^ur 
towards reagents, 484 ^ 

HyMol^uroiipaaoid. 8 ^ ^hiosul* 
‘ ^ui||aoid 





Incrustations, analysis of, 708 
Indicators, 65 
Indium and Indium ion, 
behaviour towards reagents, 267 
detection of, 822, 823, 825 
Inorganic substances in presenc# o: 
organic, 719 

lodate ion. See Iodic acid . 

Iodic acid, behaviour towards re 
agents, 405 

lodhie, behaviour of, 452 
ion. See Hydriodio acid 
Iodine-potassium iodide as reagent 
854 

Ionisation process, 22 
Ions, 20 

Iridium and iridium ions, 
behaviour towards reagents, 376 
detection of, 805, 806, 835 
Iron, behaviour of {see also Ferrcu 
and Ferric ions), 2^ 

Isomerism, 5 


K 

Kipp’s apparatus, 68 


L 


Lactate ion. See Lactic acid 
Lactic acid, 

behaviour towards reagents, 541 
detection of, 543 
Lanthanum and lanthanum ion, 
behaviour towards reagents, 194' ' 
detection of, 822, 824, 825 
Law of dilution, 23 
mass action, 13 

Lea<ymd lead r'l, * 

behaviour towa^ reagents, 891 
detection in mixed compounds, 6011 
626, 673 • ^ 

detection in simple compounds* 57C 
Ji73, 988, 596 

info^etc., 748, 749,750 
in mine^ watev, 697 


in plant ash, . 
in spring deposits, TlO 
Lead acetate as reagent, 112 
Light filters, 92 
Lithium and lithium ion, 
behaviour towards reageigs, 134^ 
dg^tion of, 136, 829 
in mineral waters, 707 
Litmus papcg, 66 
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M 

H«g!iMia mixtoro as 342 

Ma^eaiuA a^d magneaum ion, 

' Mhavionr towards reagents, 149 
detection in mixed compounds, 645, 
648 

detection in simple compounds, 579, 
592 

"in analysis of soil, 716, 717 
in mineralfraters, 703 
in ordinary waters, 695 
in spring deposits, 711 
Magnesium sulphate as reagent, 112 
Mamie ion. See Malic acid 
Malic acid, 

behaviour towards reagents, 608 
detection in mixed compounds, 666, 
829 


k Metaphosphoric acid, bdluivieisr 
" ^ towaj^ leaj^^ 418 

Methyl orange as mmcator, 65| 66 
Microchemio^ methods, 101 
.Micrc^ope, use of in qualitative 
analysis, 101 

Mineral waters, analysis of, 699 
Mixture, 15, 17 
Mixtures, heterogeneous, 15 
Molecules, 2 

Molybdenum and molybdenum ions, 
behaviour towards reagents, 386 
detection of, 806 
Morphine, 

behaviour towards reagents, 866 
detection in mixed compounds, 918 
detection in simple compounds, 913 
in foods, etc., 928 


detection in simple compounds, 
586 

Manganese and manganese ions, 
b^viour towards reagents, 223 
detection in mixed compounds, 638, 
645 

detection in simple compounds, 575, 
677 

in analysis of soil, 716, 717 
in mineral waters, 711 
in jplant ash, 784 
Mai8h*8 apparatus, 344, 764 
Mayer’s reagent, 855 
Kecke’s reagent, 868 
Melting, 66 

point, determination of, 66 
Mercuric (boride as reagent, 855 
Mercuric ion, 

behaviour towards reagents, 285 
detection in mixed compounds, 626 
detection in simple compounds, 
, 673 

in cadaveric remains, foods, etc., 
7«, 743, 748, 74P« 

.Mercurous ^on, 

behaviour towards reagents, 277 
, detection in mixed compounds, 604, 
,605 ^ c 

dotQotioii lu fluxiplo oompotuidBi^ 570p 
588 

in cadateric ren<«ins, foods, etc., 
741, 749 , 

MMoury. dies Mercuric aii^i Mercurous 

MMal ailoys, exeunination of, 585 
. jpoisons, detection in cadaveric 
lemabis, foods^ etc., 728 

S S l ^ Oiphate ion* See ^eta> 


N 

a-Naphthylamine as reagent, 482 
Narcotine, 

behaviour towards reagents, 876 
detection in mixed compounds, 917 
detection in simple compounds, 914 
in foods, etc., 928 
Neodymium, 195 
Neutralisation, 27 
Nickel and nickel ions, 
behaviour towards reagents, 229 
detection in mixed compounds, 640, 
642, 645 

detection in simple compounds, 574^ 
575, 589 

in foo^, etc., 751 
in spring deposits, 711 
Nicotine, 

behaviour towards reagents, 858 
detection in foods, etc., 928 
Niobium and niobium ion, 
behaviour towards reagents, 208 
detection of, 799, 822, 823 
Nitrate ion. See Nitric acid 
Nitric acid as reagent, 110, 737 
behaviour towards reageUts, 486 
detection in mixed compounds, 658 
detection in simple compounds^ 583^ 
in analysis of^il, 717 
in mineral whters, 706 
in ordinary waters, 695 
Nitrite ion. See Nitrous acid 
Nitrous add, 

behaviour towards reaMn^ 479 
detection ip, analysis of soil, 717 
(detection iifordiziazy waters, 695,701 
Nomenoi^tore, 7 
older, 9 § 

Non*metauL 7 
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Older of dj; 

Oigaaio aoids, 395, 497 

Oig^o substanoes in oiudysis ^ aoil, 

in mineral waters, 701, 702 
in ordinary waters, 697, 698 
in silicates, 687 
removal of, 627, 811 
Orthophosphbrio acid, 
behaviour towards reagents, 412, 418 
detection in ash, 784 
Osmium and osmium ions, 
behaviour towards reagents, 312 
detection of, 327, 806, 810 
Osmotic pressure, 19, 44 ' 

Oxalate ion. See Oxalic acid 
Oxalic acid, ^ 

behaviour towards reagents, 4^ 
detection in mixed compounds, 645, 
658, 670, 830 

detection in simple compounds, 582, 
585, 590, 593 
Oxidation, 60 
Oxides, 7 

Oxidising flame, 84, 86 


Palladium and palladium ions, 
behaviour towards reagents, 306 
detection of, 327, 806, 810 
Perborates, 423 

Peroarbonatea, behaviour towards re- 
agents, 438 

Perchlorate ion. See Perchloric acid 
Perchloric acid, behaviour towards 
reacts, 496 
Periodic system, 114 
Persulphatea, behaviour towards re- 
agents, 409 
Phases, 15 

Phenolphthalein as indicator, 65 
Phosphate ion. See Phosphoric acid 
Phosphates of alkaline earths, 
de^tion in mixed compounds, 640 
detection in simple comTOunds, 591 
Phosphite ion. See Phps^orous acid 
Plmj^o-antimonic a« as reagent, 

HuMphomolybdio acid & reagent, 857 
Phoi^oric acid, 

deteoion in ^lixed compounds, 645, 
^ 658,669 ^ 

detection in simple com^unds, 1^2, 
590,593 

^ ani^ oMil, 716, flj^e 
^ miiival waters, 702 ^ 


: phdilhorio acid, 

in ordinary water, 694 
in silioates, 687, 690 
in spring deposits, 710 
salts, 90 

Phosphorous acid, * 

behaviour towards reagents, 433 
detection in foods, etc., 981 
Phosphorus, J 

behaviour of, 411 
detection in foods, 
Phospho-tungstic acid as reagent, 8( 
Picric acid as reagent, 868 
Piorotoxine, 

behaviour towards reagents, 910 
detection in mixed compounds, 91 
detection in simple compounds, 91 
in foods, etc., 921 " . 

Pipette, 104 , 

Platinohydroohloric acid (platixlhi 
chloride) as reagent, 113, w5 
Platinum and platinum ions, 
behaviour towards reagents, 321 
detection in alloys, 567 
detection in mixed compouxfds, 62< 
621, 806, 808 

detection in simple compounds, 57 
Platinum crucibles and th^ turn 
58, 103 

wire, 87, 90 ,, 

Pocket spectroscope, 96 
Poisons, inorganic, detectiCn lit dusim 
co-legal oases, 726 I 

Porcelain crucibles and disheii^ 58^ ICH 
Potassium* and potassium ion, 
behaviour towards reagent^ 119 
detection in mixed compounds^ 616 
827 

detection in simple ooi^pcmnda^ || 
in analysis of soil, 716, 717 ’ ' 

in ash, 784 

in mineral waters, 701 ^ 
inwrdinary otters, 694 
in silioates, 689 • ' 

Potassium-bismu^ iodide as leA^^t 

caflmiugi iodide as reagent, 859 
oMorate as reagent, 735 
chromate as reagent, Il2 . 
cyanide as readmit, 112 V 
ferrooyanj4* as reagsnt, 112 
hydroxidwand potasilibn 
method of Q. Abnkvist, 940:^ 
mercuric iodide as reagent^ '8^ 
nitrite as reagent, 112 ^ 'I ; 

sulphate as reagent, 112 
sulphide as reagent, 74 , 
thieoarbonate, 234 
tMooyanat6 as reagent, Ilf 




methodi of 

r ' ‘ 

(Me ii^ I^liSjiiiiiim), 

BrJ2L<*Wl9,8^ : 

PzBokiltfttioii. 81 / 

for eoUd eabstoaoes, 

559 ^ ^ 

Pr9ll^c iMii JWteayk^ towards 

vSSiT:' 

Pmiino aoid» 

. ItdbaTiOiir towards reagents, 456 
^^teoticm in oadaverio remains, 

■ foo^ etc., 760 
Ptomaines, 862, 921 
Pyrophosphorio acid, behavionr 
tdtrards reagents,. 417 


QnalitatiTo analysis, 

mtematio eonrses of, 544, 836 
iot detection of attcaloids, 912 
Quinine, 

detection in mixed compounds, 919 
detectiCll^ In simple compounds, 914 
||.jEdj9idi> etc., 932 

■ ■ ® 

lOMemie acid, behaviour, towards 
^reagents, 603 
'Bare earths, 

behaviour towards reagents, 173 
et seq., 

detection IMtixed compounds, 210 
d Hf., $Sm «i wq, 

Beaction, of, 12 

$^ti«is,7,.e4,1ll3 , 

^ of individual anions, 393 
of indiviauai cations, 117 
^ revarsilde, 11 <» 

•fimmtt, 7. 108 f 

■ /art* tor purity rf, 106 ^ 

^vennimary cd, 110 
PMUCtegnu^ 86 e 

t^^Swa^tf, 368 * 
• dl, 327, 806, .806, 810 

ion, 

>ll«vlOOR, tovardi reagents, 13} . 

'SbteotlaB dLd29 
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deteiitien 96^10^ 


Sife^ tubes, 69 , 

Salidne, 

behaviour tcroards.taageni8,.903 
detection in mi^joomponnds, SW 
detection in silfti^plo oompoundis^ 
Sidioyinte km. /Sfee SalicyUo acid , 
Sali(^Iic acid, \ 

behaviour towards reagents, 626 
detection in mixed compounds, 667, 
670 

detection in simple compounds, 587, 
696 

Salts, acid, baiif.c, neutral, 7, 8 
Samarium, behaviour of, 197 
^Ionium and selenium ions, 
behaviour towards reagents, 381 
detection of, 806 

Separation of anions, other methods 
of, 849 

cations, other methods of,c837 
Silicate ion. See Silicic acid 
Silicates, analysis of, 684 
Silicic acid, 

behaviour towards reagents, 438 
detection by beads, 668 
detection in mixed compounds, 642, 
646, 666, 668, 670, 676 
detection in simple compounds, 576,. 

677, 690, 693, 699 
in ane^ysic of soil, 716, 717 
in metu alloys, 668 
in mineral wat^ 703 
in ordinary water, 694, 699 
in spring deposits, 710, 712 ^ * 

SiUoofluoride Ion. See Silicohydro* 
fluoric acid 

Silioo^drofluorio acid, 
behaviour towards reagents, 
detection oi* 830 • 

Silver and silver ion, 
behaviour 8ou;arde reagents, 274 
detection in nuxed compounds, 605, 
673,674 - 

detection in conipoundi 670i 

in Mdayeri<Mei]ttsin% foods, 9to*,^4B 
Sodittin and sodium ion, . ' 

behankmr, towards ieagenW|34 
detection in 0 * " 

.827 ^ 

deteotfcn in siinple comp 
in ani^ of to&T^ 
in mincM waters # 







. lQrdK)i^ ^)i(H^t9 afrnii^^ 
h^tid^ «8 3<e«g^ll0 
.j, M i«iftgea?,738 
/iwajadS^ i4 

^ ^«dphtdjtili«ihbd» df Vortniftnn, 887 
Sqpi^4lyjrii'<jf> 718 . 

$<nul^ty produot, 38^ 
t»)ble8; ^ 

Solution, 16, 661, 790 
saturated^ 17 
tension, 31 
Solvents, 18 
Speotrosoope, 94 . ^ 

Spectrum analysis, 91 
Spirit lamp, 76 

Spring deposits, analysis of, 708 
water, analysis of, 692 
Stai^o ion, 

behaviour towards reagents, 332 
detection in mixed compound, ^19, 
622, 676, 677 

detection in simple compounds, 672, 
698 . 

. in foods, etc., 749, 760 
in spring deposits, 709 
Stanmc oxide. See Stannic ion 
Stannous ion, 

behaviour towards reagents, 328 
detection in mixed compounds, 619, 
622 

^ detection in simple compounds, 572 
in foods, etc., 749> 760 
• Starch paste as reagent, 462 
Strontium and strontium ion, 
behaviour towards reagents, 143 
detection in mixed compounds, 643, 
^.648,671 

, odteotion in simple compounds, 578, 

601 

in mineral Waters, 704, 705 
in spring deposits, 710, 712 
Stxymmiue, 

behayiour tdwa^ reagents, 887 
detection in mixed%ompou^, 9^ 

jS!ss0ao<diii6liai^' 

SuooMaSid, 



Sulpfaidei also 
aoidjo 
fiu^ite^iou. 

Si^hp acids, 9 




detection j 
696, 672 

deteotlon'in spring dej^tfi^, 71#; ; 
Sulphuric acid as reagent, 110, ^ 

behaviour towards reagents, ^ J 
detection in mixed oompound8».'|88| 

detection in simple Compounds, 
693,696,699 ‘ 

in analysis of soil, 716 
in minerid waters/'701 
iu ordinary wateris, 694* 
in silicates, 687, 690 
in spring depositiit 70^ i 

Sulphurous add, behaviour- 
reagents,' 401 r ' 

System of analyiloal groimhig, 11# ^ 
periodic, 116 , - 

Systematic course of 
analysis, 644 


Tabulation of results, '930 ^ 

Tannic acid as reagent 77, 868 * 
Tantalum and tantalum kds, ‘ 
behaviour towards reagents, 206 
detection of, 799, 822,^883 "" ; 

Tartaric acid, ^ ' 
behaviour towawSL mguits, 497 " " 

detection in simple oom]p<raBds» 08^ 

TeUprium and tcdluriom iooui, 
h^vitur towiw^ds teagettii, 3 
neteotlon of, 806 
Test-papers, 66 * 
tul^ 103 

behaviottrt 

detection tik 

infooda,>l6.*t|«^760,to| 
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|iilshaTi W tonijcdi 

bPiMS4UHi;,ffp^ 9>i0ilu^ ioa* ■ 

beW^yibttt towftrda reftgents, 176 
.^^tion of,’ 822, 823, 624 
O^in. 3te aUo Stannio and Stannous 




bUTiOttr towards reagents, 389 
■ X of, 799, 827 
Mper, 65 

U 

ntaaiwp iofts. 




'W- 

Washlngtio 
aasks, 41, 68, 108 
Water bath, 61 
distilled, 54 

Wi^kters, analysis of, 662 


4, y 



BMihi^lOd 

yttritim i<»i, 

*** 


Zino as reagent, 738 
and zino ion, . 

detection in mixed compounds, 
637, 639, 645 

detection in simple compounds, 
674,^76, 577,591 

;7 ; ^ 6ar^ijiafy waters, 697 

as reagent, 

' m zirconium ion, 

pf tOfwards reagents, 180 
k 922, 823, 824 









